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Preface

The study herein was conducted by the U.S. Army Engineer Waterways
Experiment Station (WES) in August, 1992, for the U.S. Army Engineer
District, Louisville, Louisville, KY. The purpose was to use qualitative
and quantitative methods to collect freshwater mussels (Unionidae) as
well as the Asian clam, Corbiculafluminea, from two mussel beds in the
lower Ohio River. Data on density, size demography of dominant popula-
tions, species diversity, and community composition will be used to ana-
lyze the environmental effects of construction and operation of Olmsted
Lock and Dam.

Divers for this study were Messrs. Larry Neill, Robert Warden, Robert
T. James, and Jeff Montgomery from the Tennessee Valley Authority. As-
sistance in the field was provided by Mr. Mark Fanr, North Eastern Louisi-
ana University. Ms. Deborah Shafer, WES, was the Diving Inspector for
this work. Mr. Mike Turner, Louisville District, monitored the contract.
Figures were prepared by Ms. Sarah Wilkerson, Environmental Labora-
tory (EL), WES, and tables were prepared by Ms. Geralline Wilkerson, EL.

During the conduct of this study, Dr. John Harrison was Director, EL,
Dr. Conrad J. Kirby was Chief, Ecological Research Division, EL. and Dr.
Edwin Theriot was Chief of the Aquatic Ecology Branch, EL. Authors of
this report were Drs. Barry S. Payne and Andrew C. Miller and Ms. Debo-
rah Shafer, EL, WES.

At the time of publication of this report, Director of WES was Dr. Rob-

ert W. Whalin. Commander was COL Bruce K. Howard, EN.

This report should be cited as follows:

Payne, B. S., Miller, A. C., and Shafer, D. (1994). "An
analysis of freshwater mussels at two beds in the lower Ohio
River near Olmsted, Illinois: 1992 Studies," Technical
Report EL-94-2, U.S. Army Engineer Waterways
Experiment Station, Vicksburg, MS.
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Conversion Factors,
Non-SI to SI Units of Measurement

Non-SI units of measurement used in this report can be converted to SI
units as follows:

Multiply By To Obtain

feet 0.3048 meters

inches 2.54 centimeters

miles (U.S. nautical) 1.852 kilometers

vi



1 Introduction

Background

The U.S. Army Engineer District, Louisville, will replace Locks and
Dams 52 and 53 on the lower Ohio River (LOR) (U.S. Army Corps of En-
gineers 1991). The replacement structure will consist of two 110- by
1,200-ft' locks, a 2,200-ft-wide navigable pass controlled by 220 remotely
operated hydraulic wickets, and a short section of fixed weir tying the
project into the Kentucky shore. During periods of normal and low flow,
vessels will use the new locks that are on the right descending bank
(RDB) on the Illinois side of the river. During high flow, vessels will use
the navigable pass located in the center of the channel. The new project
will be at River Mile (RM) 964.4, which is downriver of Lock and Dam
52 (located at RM 938.9) and Lock and Dam 53 (located at RM 962.8).
Following completion of the Olmsted Replacement Project, Locks and
Dams 52 and 53 will be removed.

When completed, the Olmsted project will increase water levels by a
maximum of 10 ft in a reach upriver of the dam for approximately 42 per-
cent of the year. This increased stage height will occur only during nor-
mal and low flow. During periods of high water (58 percent of the year),
dam sections will be lowered to a horizontal position on the river bottom;
water levels will be similar to those during preproject conditions. In addi-
tion, the hydraulic regimen immediately downriver of the project will be
altered, and existing commercial traffic patterns will be affected. Com-
mercial vessels will have to pass close to the RDB when entering or exit-
ing the lock. During high water, commercial vessels will operate in the
thalweg, as they have always done.

Dense and diverse mussel beds exist in this reach of the LOR (Wil-
liams 1969; Williams and Schuster 1982; Taylor 1989; Neff, Pearson, and
Holdren 1981; Miller, Payne, and Siemsen 1986; Miller and Payne 1988;
Payne and Miller 1989; and Miller and Payne 1991). Downriver of Lock
and Dam 53, a bed begins at approximately RM 966.2 and ends at

I A table of factors for converting non-Sl units of measurement to SI units is presented on page
vi.
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approximately RM 969.2. Upriver of Lock and Dam 53, a bed exists be-
tween RM 947.4 and RM 957.8. The densest portions of the mussel beds
are between these river miles although some mussels can often be found
outside the beds. The endangered Plethobasus cooperianus (U.S. Fish and
Wildlife Service 1991) has been collected at both beds.

Freshwater mussels, a resource with economic, ecological, and cultural
value, can be affected by changes in water levels, sediment resuspension
caused by dredging and disposal of dredged material, and movement of
navigation vessels. Their sedentary lifestyle and reliance on suspended
particulate organic material for food make them particularly susceptible to
fluctuating water levels, sediment scour, elevated suspended sediment,
and turbulence. The biological consequences of these disturbances can be
measured on organisms held in the laboratory (Holland 1986; Aldridge,
Payne, and Miller 1987; Killgore, Miller, and Conley 1987; Payne and
Miller 1987). However, caution must be used when extrapolating results
of laboratory experiments to the field (Payne and Miller 1987). Physiolog-
ical responses that occur in a laboratory often do not occur under natural
conditions.

Planners and biologists should evaluate the effects of physical distur-
bances such as those caused by dredging and movement of commercial
navigation vessels on naturally occurring populations, not on individual or-
ganisms held in the laboratory. Field studies are the best means of under-
standing effects of physical disturbances on naturally occurring
populations of mussels. These studies can be designed to evaluate physi-
cal effects of water resource development on recruitment, rate of growth,
density, species richness, and diversity. These parameters provide the
most useful measures of the overall health and ultimate survival of a mus-
sel community. A predetermined set of criteria can be evaluated yearly to
determine if man-made disturbances are negatively affecting native
mussels.

Purpose and Scope

The objective of this work is to characterize important biotic variables
(mussel density, evidence of recent recruitment, community structure, and
spatial distribution) at two mussel beds in the Ohio River located im-
mediately upriver and downriver of the Olmsted Lock and Dam Replace-
ment Project. The purpose is to provide quantitative data on common,
uncommon, and endangered mussels that can be used to avsess the environ-
mental effects of increased water depths, altered hydraulic regimen caused
by dam operation, changes in the traffic pattern of commercial vessels,
and benthic scour or sediment resuspension caused by construction, vessel
fleeting, and queuing. In addition, these quantitative and qualitative data
provide an opportunity to evaluate effects of colonization and spread of
the recently introduced zebra mussel (Dreissena polymorpha) on native
freshwater mussels.

2 Chapter 1 intrafucton



2 Study Area and Methods

Study Area

The Ohio River originates in Pittsburgh, PA, at the confluence of the Al-
legheny and Monongahela Rivers. It flows 981 miles to the northwest and
then the southwest before it joins the Mississippi River near Cairo, IL.
The Ohio River drains 203,900 square miles and falls 450 ft before it joins
the lower Mississippi River.

For this project, study sites were located in the lower Ohio River be-
tween Paducah, KY, and Mound City, IL (Figure 1). The two mussel beds
previously reported by Williams (1969) and Williams and Schuster (1982)
were studied. One bed is upriver of Dam No. 52 near Paducah, KY, and
the other is downriver of Dam No. 52 near Mound City, IL. Williams

SrWYA,,S -.. ILLINOIS ELZBENOWNM

MOUND CITY .. ,-..'

S". TROPOUE

CAI ':DM5

MISSOURI '.'

KENTUCKY

Figure 1. Study area
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(1969) reported that the mussel bed located downriver of Lock and Dam
No. 53 extended from RM 966.0 to 969.2 and the bed located immediately
upriver of Lock and Dam No. 52 extended from RM 947.4 to 957.8. Both
beds are on the Illinois side of the river. In 1982, Williams and Schuster
(1982) resurveyed this river reach and provided additional data on both
beds.

In the bed located upriver of Lock and Dam No 53, quantitative meth-
ods were used to collect mussels at RM 957.7, and qualitative methods
were used to collect samples at RM 957.6 and 957.8 (Table 1, Figure 2).
In the bed located downriver of Lock and Dam 52, quantitative methods
were used to collect samples at RM 967.4, 967.5, and 967.6. Qualitative
methods were used to collect samples at RM 966.4, 967.4, 967.5, and
969.3 (Table 1 and Figure 3).

ILLINOIS
PULASKI COUNTY

OHIO RIVER

• " ' KENTUCKY "

SAA COUNTY- °"

SCAL=
0 i 2 3 4o o"

SC.L. I- -E ON

Figure 2. Sites surveyed upriver of Lock ano Dam 53
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ILLINOIS
PULASIG COUNTY

KENTUCKY • J

BAULARD COUNTY

Figure 3. Sites surveyed downriver of Lock and Dam 53

Methods

Preliminary reconnaissance

All underwater work was accomplished by a dive crew equipped with
surface-supplied air and communication equipment. Before intensive sam-
pling was initiated, a single diver conducted a preliminary reconnaissance
of the immediate area. He obtained information on substrate type, water
velocity, and presence of mussels. Qualitative sampling was initiated if
the substrate appeared stable and if there was moderate to high mussel
density (i.e., greater than 3 to 5 individuals/square meter).

Qualitative mussel collections

The majority of the qualitative samples were obtained by having two di-
vers collect simultaneously. Each diver placed a specific number of live
mussels in each of six nylon bags; five mussels were placed in three bags
and twenty were placed in each of the other nine bags. The divers were in-
structed to obtain mussels without bias toward size or type. They at-
tempted to exclude the Asiatic clam Corbicula fluminea. If C. fluminea

Chqmtor 2 Study Area and Methods5



was inadvertently collected, it was later eliminated. All mussels were
brought to the surface, counted, and identified. Data were recorded on
standard data sheets and returned to the laboratory for analysis and plot-
ting. Shells of voucher specimens for each species were placed in plastic
zipper lock bags and labeled with high-rag-content paper. Mussels not
needed for voucher were returned to the river. Methods for sampling mus-
sels are based on techniques described in Coker (1919); Brice and Lewis
(1979); Miller and Nelson (1983); Isom and Gooch (1986); Kovalak, Den-
nis, and Bates (1986); and Miller and Payne (1988). Mussel identification
was based on taxonomic keys and descriptive information in Murray and
Leonard (1962), Parmalee (1967), Starrett (1971), and Burch (1975). Tax-
onomy is consistent with Turgeon et al. (1988).

Quantitative mussel collections

Quantitative samples (that included unionids as well as C. fluminea)
were obtained at RM 957.7, 967.4, 967.5, and 967.6 in the LOR. At each
site, 10 quadrats (0.25 sq m) were positioned approximately 1 m apart and
arranged in a 2 by 5 matrix. A diver excavated all sand, gravel, shells,
and live clams to a depth of 10 to 15 cm. Material was sent to the surface
in a 20-L bucket and transported to shore. Sediment was screened through
a sieve series (finest screen with apertures of 6.4 mm). All live mussels
and C. fluminea removed from samples were placed in 4-L zipper lock
bags. Each bivalve was then identified and total shell length measured to
the nearest 0.1 mm with calipers.

Data analysis

Species diversity was determined with the following formula:

H' = - pjlog pj

where pj is the proportion of the population that is of the jth suecies
(Shannon and Weaver 1949). All calculations were done with programs
written in BASIC or SAS (Statistical Analytical System) on an IBM XT or
AT personal computer. Discussion of statistical procedures that were used
can be found as Green (1979) and Hurlbert (1984). Species area curves
and dominance-diversity curves were constructed from qualitative and
quantitative biological data. More information on methods used for this
survey can be found in McNaughton and Wolf (1973), Is,.m and Gooch
(1986), Kovalak, Dennis, and Bates (1986), Hughes (1986), and Miller
and Payne (1988).
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3 The Bivalve Community

Bivalve Community Characteristics

Community composition

Mussel beds upriver and downriver of Lock and Dam 53 had similar
species richness and composition (Table 2). Upriver of Lock and Dam 53,
qualitative and quantitative sampling yielded 19 and 22 species, respec-
tively. A total of 25 species were included among the 720 individuals col-
lected by both methods combined. Downriver of Lock and Dam 53,
qualitative and quantitative sampling yielded 18 and 21 species, respec-
tively. A total of 22 species were represented among 1,869 individuals col-
lected by both methods combined. Results of qualitative sampling at both
of these beds (percent abundance and percent occurrence of species) are
included in Appendix A (Tables AI-A4).

Minor differences in species composition between mussel beds or sam-
pling method (quantitative versus qualitative) were ascribed to the low
chance of obtaining locally rare species, with a single exception.
Truncilla donaciformis, a species that grows to small adult size, was ab-
sent from qualitative samples (Table 2) but was abundant in quantitative
samples both upriver (16 percent) and downriver (15 to 26 percent) of
Lock and Dam 53 (Tables 3, 4, 5, and 6). Small adult size caused this spe-
cies to be totally excluded from qualitative samples, although hundreds
were collected from total substrate samples. Other species obtained using
quantitative but not qualitative methods included Actinonaias ligamentina,
Anodonta imbecillis, and Ligumia recta (in both beds) and Plethobasus
cyphyus (upriver of Lock and Dam 53). However, these species were al-
ways represented by just one or two individuals (Tables 3, 4, 5, and 6).
Species obtained in qualitative but not quantitative samples included
Lasmigona complanata (in both beds) and Plethobasus cyphyus, P.
cooperianus, and Potamilus purpuratus (upriver of Lock and Dam 53).
Again, these species were always represented by just one or two individu-
als (Tables A l and A3).

Chapter 3 The Bivalve Community 7



Species diversity (2.36) and evenness (0.80) for near and farshore sites
combined were high upriver of Lock and Dam 53 (Table 3). Results from
quantitative sampling upriver of the lock indicated that five species indi-
vidually comprised more than 10 percent of the community. These numeri-
cally dominant species were as follows: Fusconaia ebena (21 percent),
Truncilla donaciformis (16 percent), Quadrula pustulosa (12 percent), T.
truncata (12 percent), and Obliquaria reflexa (10 percent). Ellipsaria
lineolata (7.3 percent) and Quadrula quadrula (6.1 percent) were moder-
ately abundant. Five of these seven species were also among the most
abundant taxa in qualitative samples from this bed (Table Al). Not sur-
prisingly, the diminutive T. donaciformis and its slightly larger congener,
T. truncata, despite their abundance in total substrate samples, were either
not present or greatly underrepresented in qualitative samples (Table A l).
In the more accurate quantitative samples, five species comprised between
1.2 and 4.2 percent, and an additional seven species each comprised 0.61
percent of the community.

Figure 4 graphically portrays the relation of individual species' abun-
dances on their dominance rank in the community upriver of Lock and
Dam 53. The low slope of this curve (spanning just 1.5 orders of magni-
tude over 20 species) reflects an equitable distribution of individuals
among species in this community. Also apparent in Figure 4 is the close

Lower Ohio River
Near and Farshore, RM 957.7

100 o 0000°°0000

. 0

10 O0o 00

0.1.

°O 0o000000
O0?

0 5 10 15 20
Rank

Figure 4. Pt.rcent abundance and percent occurrence of mussels collected
using quantitative methods at the mussel bed located upriver of
Lock and Dam 53
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correlation of the relative abundance of species (filled circles) to their fre-
quency of occurrence in samples (open circles). Thus, never was moder-
ate or high abundance coupled with low frequency of occurrence.

Downriver of Lock and Dam 53, species diversity and evenness were
high nearshore (Table 4) and moderate at both midshore (Table 5) and
farshore locations (Table 6). Diversity (total of sites 0.1 mile apart)
equaled 1.93, 1.65, and 1.55 at nearshore, midshore, and farshore loca-
tions, respectively. Evenness was 0.78, 0.59, and 0.51 as distance from
shore increased. Relative abundance (again, total for closely adjacent
sites) of F. ebena, the dominant mussel, equaled 41 percent, 47 percent,
and 55 percent at nearshore, midshore, and farshore locations, respec-
tively. Relative abundance of F. ebena and T. donaciformis varied widely
among replicate sites, especially those nearest shore (Table 4) and at mid-
shore (Table 5). Community composition downriver of Lock and Dam 53
was most consistent among replicate farshore sites (Table 6).

Relative abundance of F ebena was higher and diversity and evenness
were lower downriver of Lock and Dam 53 (Tables 4, 5, and 6) than up-
river (Table 3). However, the general pattern of species relative abun-
dance was similar between these beds. At farshore sites, downriver of
Lock and Dam 53, where community composition was most consistent
(Table 6), the seven most abundant species occurred in approximately the
same abundance as they were upriver of this structure. Two of these spe-
cies were particularly dominant downriver of Lock and Dam 53:
Fusconaia ebena (55 percent) and T. donaciformis (20 percent). Truncilla
truncata (5.6 percent), 0. reflexa (4.4 percent), E. lineolata (3.9 percent),
Q. p. pustulosa (3.8 percent), and Q. quadrula (1.5 percent) were moder-
ately abundant. The 14 remaining species individually comprised less
than 1.2 percent of the community.

Plots of species relative abundance on dominance rank for sites
downriver of Lock and Dam 53 (Figures 5, 6, and 7) reflected the lower di-
versity and evenness of mussels compared with sites upriver of Lock and
Dam 53 (Figure 4). Downriver of Lock and Dam 53, species relative abun-
dance spanned approximately 2.5 orders of magnitude among 21 species
at the farshore location (Figure 7). The high abundance of F. ebena and T.
truncata downriver of Lock and Dam 53 was evident in the initially sharp
decline in slope of abundance plotted on rank. As was observed upriver
of Lock and Dam 53, moderate or high species abundance was never com-
bined with low frequency of occurrence (Figures 5, 6, and 7).

Some differences in detailed aspects of community composition upriver
versus downriver of Lock and Dam 53 were evident in relative abundance of
common-to-abundant mussels in qualitative samples (Figure 8). Fusconaia
ebena and M. nervosa comprised a greater fraction of the community
downriver of Lock and Dam 53. Quadrulad p. pustulosa, Q. quadrula, Q.
metanevra, and 0. reflexa had greater relative abundance upriver of Lock
and Dam 53. Ellipsaria lineolata and Amblema p. plicata were of equal rela-
tive abundance upriver and downriver of Lock and Dam 53.

Chapter 3 The Bivalve Community 9



Lower Ohio River
Below Lock and Dam 53
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Figure 5. Percent abundance and percent occurrence of mussels collected
at nearshore sites in the lower Ohio River downriver of Lock
and Dam 53 (includes RM 967.4, 967.5, and 967.6)

Lower Ohio River
Below Lock and Dam 53

RM 967. 1992
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Figure 6. Percent abundance and percent occurrence of mussels collected
at midshore sites in the lower Ohio River downriver of Lock and
Dam 53 (includes RM 967.4, 967.5, and 967.6)
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Lower Ohio River
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Figure 7. Percent abundance and percent occurrence of mussels collected
at farshore sites in the lower Ohio River downriver of Lock and
Dam 53 (includes RM 967.4, 967.5, and 967.6)

The combined quantitative samples downriver of Lock and Dam 53 ap-
peared to include virtually all species present; acquisition of new species
slowed to a negligible rate as sampling effort increased (Figure 9).
Twenty-one species were obtained among 1,274 individuals collected by
quantitative methods. Twelve species were obtained before the first 100
mussels were collected. A cumulative total of 17 species were obtained
before 400 mussels were collected. All twenty-one species were obtained
before 1,000 mussels were taken. The remaining 274 individuals from
quantitative sampling yielded no new species. Furthermore, an additional
595 individuals from qualitative sampling yielded just one additional spe-
cies to those twenty-one collected by quantitative methods (Table 2).

Results of qualitative collections downriver of Lock and Dam 53 sug-
gested considerable variation in species relative abundance among sites.
These sites were upriver (RM 966.4), mid-river (RM 967.4 and RM
967.5), and downriver (RM 969.3) (Table A3). Fusconaia ebena was not
very abundant downriver (13 percent) relative to midriver (37 to 68 per-
cent) or upriver (43 percent). Dominance downriver was shared by
Quadrula p. pustulosa (17 percent), Q. quadrula (16 percent), F. ebena
(13 percent), and Ellipsaria lineolata (12 percent). However, consider-
able variation in detailed aspects of community composition was sug-
gested even among samples separated by only 0.1 miles (RM 967.4 versus
RM 967.5) (Table A3). For example, relative abundance of F ebena was
68 percent at RM 967.4, but only 37 percent at RM 967.5. Quantitative

Chapter 3 The Bivalve Community 11



Lower Ohin River, 1992
Qualitati • Collection
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F. ebena 0. p. pustulosa 0. quadrula E. lineolata
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A. p. plicata 0. reflexa Q. metanevra M. nervosa

Downriver of L&D 53 Upriver of L&D 53

Figure 8. Percent abundance of eight dominant species of unionids at mus-
sel beds upriver and downriver of Lock and Dam 53

samples at RM 967.4 and RM 967.5 also indicated considerable variation
(Tables 4, 5, and 6).

More obvious differences in density occurred in the nearshore-to-
farshore direction. Density of native unionids and Corbiculafluminea var-

ied significantly among nearshore, midshore, and farshore sites (Table 7;
Figure 10). Numerical density of mussels downriver of Lock and Dam 53
was 5.5 and 7.0 times higher at midshore and farshore locations, respec-
tively. Biomass density differences were not nearly as clear (i.e., they
were significant at the 0.1 but not 0.05 level) nor as substantial. Biomass
density was 1.4 and 2.0 times higher midshore and farshore, respectively,

12 Chapter 3 The Bivalve Community



Lower Ohio River
River Mile 967.4, 96%7.5, and 967.6
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Figure 9. Relationship between number of individuals and number of mus-
sel species collected using quantitative methods in the lower
Ohio River

Lower Ohio River, 1992
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Figure 10. Numerical density (individuals/square meter) and biomass den-
sity (grams/square meter) for unionids and Corbicula fluminea
collected in the lower Ohio River

Chapter 3 The Bivalve Community 13



than nearshore. Numerical density of C. fluminea followed the same pat-
tern as observed among native unionids. Corbicula fluminea were 2.0 and
2.9 times more numerous midshore and farshore than nearshore. Biomass
density c ' C. fluminea was 3.7 and 1.6 times higher farshore than mid-
shore or nearshore, respectively.

The ratio of biomass-to-numerical density, an estimate of the average
size of individuals (Table 7), indicated that those few unionids occurring
nearshore were relatively large (49.7 g) compared with midshore (12.6 g)
and farshore (13.9 g) assemblages. The percent abundance of recent re-
cruits (i.e., individuals less than 30 mm long) averaged 48.0 nearshore,
86.1 midshore, and 87.7 farshore. The reverse pattern was observed
among Asian clams. Density of C. fluminea nearshore, midshore, and
farshore averaged 0.98 g, 1.08 g, and 1.27 g, respectively.

Presence of Plethobasus cooperlanus

The endangered species Plethobasus cooperianus occurs but is rare in
both the bed upriver and downriver of Lock and Dam 53. Plethobasus
cooperianus was obtained in qualitative samples upriver of Lock and Dam
53 in 1992, but was not obtained in either quantitative samples (both
beds) or qualitative samples downriver of Lock and Dam 53 (Table 2).
However, P. cooperianus was obtained in qualitative samples downriver
of Lock and Dam 53 in 1983 (Miller, Payne, and Siemsen 1986) and 1987
(unpublished data) and in quantitative samples obtained in 1990 (Miller
and Payne 1991). In 1991, a single individual was obtained from a total
of thirty 0.25-m 2 total substrate samples collected. A total of two hundred
and sixty-nine 0.25-m 2 total substrate samples have been taken from the
lower bed since 1983, and only a single P. cooperianus has been obtained
from these quantitative samples (Miller, Payne, and Siemsen 1986; Miller
and Payne 1988; Payne and Miller 1989; Miller and Payne 1991; and un-
published data). Based on the total sampling effort, P. cooperianus den-
sity is approximately one individual per 67 m2 in the bed downriver of
Lock and Dam 53.

Size Demography of Abundant Populations

Upriver of Lock and Dam 53

Fusconaia ebena. The population of F ebena upriver of Lock and
Dam 53 was dominated by a single year class (probably 1991) of recent re-
cruits that ranged from 10 to 22 mm in length (Appendix B-Figure BE).
In addition, five larger mussels were obtained; four of these ranged from
62 to 72 mm in length. The size structure of this population suggests in-
frequently strong annual recruitment.
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Truncilla donac~formis. This population was comprised entirely of in-
dividuals ranging from 12 to 26 mm in length (Figure B2). It is likely that
this cohort represents 1991 recruitment.

Corbiculafluminea. The Asian clam population was dominated by
two cohorts (Figures CI and C2). The smallest, comprising 71 percent
and 63 percent of the nearshore and farshore assemblages, respectively,
was centered at 8 to 11 mm in length. A larger cohort, centered at 15 to
19 mm in length, contributed an additional 24 percent and 32 percent to
the nearshore and farshore collections of C. fluminea. Less than 5 percent
of the population both near and farshore was comprised of individuals
greater than 19 mm long.

Downriver of Lock and Dam 53

Fusconaia ebena. In general, the size demography of this population
(Figures B3, B4, BS, and B6) was similar to that observed upriver of Lock
and Dam 53 (Figure B 1). However, there was substantial variation within
the population downriver of Lock and Dam 53 with respect to the relative
abundance of small versus large individuals. At the nearshore site (Figure
B3), F. ebena had approximately equal representation of mussels 8 to 16
mm long and 44 to 86 mm long. At the midshore site (Figure B4), mus-
sels 8 to 26 mm long were approximately nine times more abundant than
mussels 56 to 76 mm long. Similarly, at the farshore site (Figure B5),
small mussels (8 to 34 mm) outnumbered large mussels (40 to 88 mm) by
a factor of 11. Overall, the size structure of the F. ebena population
downriver of Lock and Dam 53 indicated two major cohorts: very recent
recruits (presumably 1991) centered at 8 to 20 mm in length, and a cohort
of moderately large and old mussels centered at 60 to 70 mm in length
(Figure B6).

Truncila donaciformis. This population was comprised virtually en-
tirely of individuals 12 to 24 mm long, regardless of nearshore-to-farshore
distance (Figures B7, B8, B9, and B10). This size structure was virtually
identical to that observed upriver of Lock and Dam 53 (Figure B2). Pre-
sumably, these small T. donaciformis represent 1991 recruitment. A few
large T. donaciformis (44 to 46 mm long) were collected downriver of
Lock and Dam 53.

Ellipsaria Uneolata. This population was dominated (59 percent) by
relatively small recent recruits ranging from 28 to 42 mm long (Figure
B 11). The remainder of this population ranged from 48 to 74 mm long.

Obliquaria reflexa. This population was also dominated by small,
young individuals (Figure B 12). Approximately 82 percent of the popula-
tion was less than 26 mm long. The maximum size of individuals in this
population was 50 mm.
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Quadrada pustulosa pustulosa. This population had relatively equal
abundance of small and moderately large individuals (Figure B 13). Sixty
percent of the sample ranged from 12 to 32 mm in length; the remaining
40 percent ranged from 40 to 52 mm long.

Truncilla truncata. Although this species can grow to moderately
large size (ca. 50 mm), this population was comprised entirely of individu-
als 14 to 38 mm long (Figure B 14). The principal cohort of this popula-
tion was centered at 18 to 28 mm.

Corbiculafluninea. Demography of the Asian clam at this bed was
similar to that observed upriver of Lock and Dam 53 (Appendix C-Fig-
ures C3-C9). There was a slight decrease in the ratio of large-to-small C.
fluminea in a farshore-to-nearshore direction.

Changes in Water Velocity Associated with
Vessel Passage

Background

Water velocity was measured at two locations on the LOR that support
dense and diverse mussel communities for a total of twelve vessel pas-
sages in August of 1992. The first site (at RM 967.4) is located 4.6 miles
downriver of Lock and Dam 53; the second site (at RM 957.8) is located
5 miles upriver of Lock and Dam 53. Each set of data associated with a
vessel passage event is labeled a test. Physical data for each vessel pas-
sage can be found in Appendix D, Table D1. Tables D2-D13 contain sum-
mary statistics for each passage; individual velocity plots for each event
can be found in Figures Dl-D21. There are two sets of plots (nearshore
and farshore sensors) for each test arranged as follows: (a) X- and Y-axis
velocity in feet/second, (b) combined velocity in feet/second, and (c) di-
rection of flow in degrees.

Divers deployed two Marsh McBirney electromagnetic current meters
near the substrate-water interface along a transect line running from
nearshore to farshore. However, only one nearshore meter was deployed
at the time of vessel passage during Test . The meters were placed in the
densest portions of the mussel beds at sites where qualitative and quantita-
tive mussel samples were collected.

At the first site, nearshore and farshore meters were placed 200 and
700 ft, respectively, from the RDB. The vessel dista - e for Tests 1-6 was
approximately 1,500 ft. At the second site, nearshor: id farshore meters
were placed 130 and 750 ft, respectively, from the RDB. Vessel distance
for Tests 7-12 was approximately 1,200 ft from the RDB. Water velocity
was recorded for at least 200 sec immediately prior to and following each
test to compare with conditions during passage.
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In most cases the sensors were placed so that the X- and Y-axes were
oriented parallel to and at right angles to the direction of flow. Data were
recorded at 1-sec intervals for each individual X-Y flow component, as
well as total combined velocity and compass bearing. For each test, mean
velocity, standard deviation, minimum and maximum values, and range,
for both individual X-Y components and combined velocity, are in Tables
D2-DI3.

Results

With the exception of Test 9, there were little or no measurable effects
from vessel passage either in the upstream or downstream direction. Ex-
amination of summary statistics in Tables D2-D13 shows little, if any, in-
crease in the standard deviation or range of the individual X-Y velocity
components or the combined velocity during vessel passage.

A slight reduction in both X-Y and combined velocity was noted during
Test 9. This effect was most pronounced in Sensor 940. which was lo-
cated nearest the channel. The minimum combined velocity for Sensor
946 (nearshore) decreased 20 percent from 2.009 to 1.613 ft/second. Simi-
larly, the minimum combined velocity for Sensor 940 (farshore) decreased
24 percent from 1.953 to 1.489 ft/second. The tow for Test 9 passed in
the downstream direction, fully loaded in a 4 by 2 configuration.

Two factors that may account for the noticeable decrease in combined
velocity for this vessel passage and not in others are (a) speed of passage
and (b) loaded versus unloaded condition. The average speed of all re-
corded upriver passages was 7.0 ft/second; the average speed of all re-
corded downriver passages was 9.6 ft/second. Tests 8 and 9 had higher
speeds of 13.2 and 13.7 ft/second, respectively. The lack of noticeable ef-
fects during Test 8 is probably due to the fact that there were only three
unloaded barges present.

Previous navigation traffic studies conducted in the upper Mississippi
River have shown that upbound and downbound passages have different
effects on water velocity (Miller and Payne 1991). Upbound passages
have little effect on minimum velocity; however, the return flow caused
by displacement of water from the hull tends to increase the maximum ve-
locity. The reverse seems to be true for downbound passages. Maximum
velocity is not noticeably affected, but the return flow caused by vessel
passage tends to reduce the minimum velocity. The range in velocity read-
ings for any test is usually greater during vessel passage than under ambi-
ent conditions. However, the range of both X, Y, and combined velocity
values in these data sets was very often less than during ambient condi-
tions (Tables D2-DI3). This lends further support to the conclusion that
the measurable effects of vessel passages on water velocity at the sub-
strate-water interface are negligible.
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4 Discussion

Existing conditions have been quantified for two historically prominent
mussel beds that extend from Ohio RM 947.4 to 957.8 and from RM 966.0
to 969.2 first described by Williams (1969). These beds are just upriver
and downriver of Lock and Dam 53, located at RM 962.6. The Olmsted
Replacement Project that replaces Locks and Dams 52 and 53 will be built
at RM 962.8, just 0.2 miles downriver of existing Lock and Dam 53.
Water levels at the bed upriver of existing Lock and Dam 53 will be ap-
proximately 10 ft higher (only during normal and low stage) than at pres-
ent. Concern exists that sedimentation and altered hydraulic conditions
might deleteriously affect the bed downriver of Lock and Dam 53.

Planners and biologists ultimately must evaluate the effects of this
project on populations of species in their natural habitats using field stud-
ies. Quantitative data provided herein on density, relative species abun-
dance, community composition, and population demography can be used
as a basis for monitoring the effects of the Olmsted Replacement Project.

0
The present study yielded 26 species of native mussels among 2,589 in-

dividuals collected from the beds upriver and downriver of Lock and Dam
53. Included among these individuals was a single individual of the en-
dangered species Plethobasus cooperianus, which was obtained in qualita-
tive samples from the -per bed. The community in the bed downriver of
Lock and Dam 53 w, nerally similar in species richness and domi-
nance rank of specit Jhe bed upriver of Lock and Dam 53. However,
F ebena, the dominanu pecies in the LOR, had lower relative abundance
upriver (21 percent) than downriver of Lock and Dam 53 (41 to 55 per-
cent). Consequently, species diversity and evenness was lower downriver
than upriver of Lock and Dam 53.

A total of 2,880 mussels were obtained from quantitative samples
taken fr, -n the bed downriver of Lock and Dam 53 in 1983. 1985, 1986,
1987, 1988, 1990, 1991, and 1992 (Miller, Payne, and Siem. -.- 1986;
Miller and Payne 1988; Payne and Miller 1989; Miller and P; tie 1991;
and unpublished data). A total of 29 species were included among these
4,406 individuals. An additional 4,586 individuals have been collected
from all qualitative samples taken from the lower bed since 1983. These
qualitative samples yielded only a single species that has not been
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obtained in total substrate samples-Lasmigona complanata complanata.
Based on a total collection of 7,466 mussels from 1983 to 1991, richness
of this mussel bed equals 30 species. In 1992, a total of 1,867 individuals
were collected by quantitative and qualitative methods downriver of Lock
and Dam 53. No species were obtained that had not been collected in
1983 to 1991. Thus, based on a cumulative total of 9,335 individuals, rich-
ness in the bed below Lock and Dam 53 equals 30 species. All species ob-
tained upriver of Lock and Dam 53 in 1992 have been obtained downriver
of Lock and Dam 53 at some time from 1983 to 1991. Table 2 lists all
mussels collected on this and previous surveys.

This LOR community is generally similar to but slightly richer in com-
position than that of the lower Tennessee River (Miller and Payne 1991).
The Tennessee River empties into the Ohio River in Pool 52 at RM 934.5
(less than 30 miles upriver of Lock and Dam 53). Twenty-three species of
native mussels were obtained among 4,768 individuals collected in the
lower Tennessee River between the Interstate-24 bridge and Kentucky
Lock and Dam, This appeared to be a complete list; no new species were
obtained as collection increased from 1,500 to 4,768 individuals (Miller
and Payne 1991). Fusconaia ebena (36 percent) and A. p. plicata (29 per-
cent) shared dominance of the lower Tennessee River community.
Truncilla donaciformis (11 percent), 0. reflexa (7.9 percent), Q. p.
pustulosa (7.2 percent) also individually comprised more than 5 percent of
the lower Tennessee River community. Annual recruitment of F ebena ap-
peared to be considerably more consistent in the lower Tennessee River
than the LOR (Miller and Payne 1991). The only species obtained in that
survey not obtained in the lower Ohio was Anodonta grandis. Species ob-
tained in the LOR but not in the lower Tennessee River were as follows:
Actinonaias ligamentina, Arcidens confragosus, Fusconaia flava,
Lampsilis ovata, Potamilus laevissima, Obovaria olivaria, Plethobasus
cooperianus, Plethobasus cyphyus, and Potamilus purpuratus.

In the LOR, both nearshore-to-farshore and along-shore variation was
seen in the structure of the mussel bed downriver of Lock and Dam 53, al-
though nearshore-to-farshore differences were more striking. Nearshore-
to-farshore differences involved lower unionid density nearshore relative
to midshore and farshore. Midshore and farshore sites were carefully lo-
cated to be just farshore and well farshore, respectively, of the lowest
water stage associated with the major drought of 1988. However, the
nearshore sites were located on a portion of the bed that was exposed to
air for weeks during this major drought. This exposure is almost certain
to account for the patterns in density observed in the nearshore-to-
farshore direction. Thus, monitoring of the shallow portion of the bed
downriver of Lock and Dam 53 provides an indication of recovery pattern
and rate. Data from the midshore and farshore sites provide information
on the unaffected and major portion of the mussel bed. Sites sampled on
the bed upriver of Lock and Dam 53 were not exposed during the 1988
drought.
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Extensive sampling is required to obtain all species present in a bed be-
cause cumulative species are obtained as a linear function of the logarithm
of cumulative sampling effort (in terms of number of samples, area sam-
pled, or individuals sampled) (McNaughton and Wolf 1973). It is diffi-
cult to determine the presence or absence of especially rare taxa (Miller
and Payne 1988). Despite legitimate interests of conservation biologists
in maintenance of species richness, quantitative studies of locally rare spe-
cies are often impractical. For example, it is impossible to develop any de-
tailed information on population biology of P. cooperianus in the LOR.
Because of chance alone, extensive surveys of the bed downriver of Lock
and Dam 53 will sometimes include this species (e.g., Miller, Payne, and
Siemsen 1986) but at other times will not (for example, in the present
study). Species richness estimates should always include information on
the total number of individuals collected (Magurran 1988).

Evaluation of community structure is more practical and insightful if
focus is on patterns of relative abundance, density, and size demography
of relatively abundant species. Protection and conservation of species
richness in large river mussel beds, including the rarest species, is likely
to benefit from quantitative evaluation of relative abundance, density, and
recruitment patterns among 10 or so of the most abundant taxa. For exam-
ple, successful recruitment of F. ebena in 1991 does not appear to have
been a population-specific phenomenon; strong recruitment was also ap-
parent in E. lineolata, 0. reflexa, Q. pustulosa, T. donaciformis, and T.
truncata populations (Appendix B). It is noteworthy that species diversity
and evenness indices are particularly sensitive to the relative abundances
of the most abundant taxa (Magurran 1988).

The mussel community of the LOR is dominated by F. ebena, which
also dominates the lower Tennessee River (Miller and Payne 1991; Wil-
liams 1969), and was once the dominant unionid throughout the upper Mis-
sissippi River prior to construction of the Keokuk Dam at Keokuk, IA
(Cooker 1914; Theler 1987). This dam prevented upstream migration of
the skipjack Herring Alosa chrysochloris, the fish host of the parasitic
glochidea larvae of F. ebena (Coker 1914). In the Ohio River, F ebena de-
clines in abundance with upstream distance and thus number of dams inter-
fering with skipjack herring migration (Williams 1969; Williams and
Schuster 1982). Although the existing Lock and Dam 53 is underwater
during much of the year, F ebena was less abundant in the bed im-
mediately upstream versus immediately downstream of this structure (Ta-
bles 3, 4, 5, and 6). Also, Miller and Payne (1991) observed lower
relative abundance of F. ebena in the lower Tennessee River, which emp-
ties into the Ohio River upriver of Lock and Dam 53, than downriver of
Lock and Dam 53. Fusconaia ebena is greatly reduced in abundance in
the middle Ohio River; this species comprises less than 5 perc nt of the
mussel community at RM 444 near Cincinnati, OH.

Fusconaia ebena is commonly found in gravelly shoals and is deleteri-
ously affected by high lift dams. This species was more prevalent in large
rivers prior to construction of the modem inland navigation systems. In
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addition, this species, with its massive, white-nacred shell, is a commer-
cially important species in the export of shell nuclei to the Orient for the
cultured pearl trade (Miller and Payne 1991). Although not listed as
threatened or endangered, F ebena is an important species in the LOR
community.

A striking feature of both mussel beds is the extreme dominance of a
single cohort of small, recent recruits to the F. ebena population (Figures
BI and B6). Payne and Miller (1989) observed the same characteristic of
the bed downriver of Lock and Dam 53 when they first studied it in 1983.
The dominant species of this bed, F ebena, was heavily dominated by a
single year class of recent recruits (1981) during that previous survey. Ap-
proximately 70 percent of the F ebena population was comprised of that
single cohort. Studies of that population continued through 1987 have in-
dicated no subsequent recruitment of noteworthy strength (Payne and
Miller 1989). As of mid-September 199u, there was still no evidence of
recent strong recruitment after 1981 (Miller and Payne 1991). However,
approximately 90 percent of this population (when sampled in the present
study) consisted of small (10 to 20 mm) mussels representing 1991
recruitment.

Thus, in recent history strong annual recruitment to this population, the
dominant unionid in the LOR has occurred only twice-in 1981 and
1991. This pattern of recruitment must be understood when conducting an
assessment of conditions in any particular year. Sporadic recruitment suc-
cess in turn leads to sporadic increases in population density. In the LOR,
recruitment patterns appear to be such that baseline characterization re-
quires something in the order of 10 years of observations that have now
been made.

Long-term monitoring has provided important information on F ebena
growth rate. The 1981 cohort, first sampled by Payne and Miller in 1983,
although greatly lower in absolute and relative abundance by 1992, re-
mains a recognizable feature in 1992 of the F ebena population downriver
of Lock and Dam 53. This cohort has grown in average length as follows:
15.8 mm in late September 1983; 29.5 mm in late October 1985; 47.3 mm
in late September 1987; 58.5 in mid-September 1990; 64.1 umm in early
October 1991; and 65.6 mm in mid-August 1992. It is anticipated that the
1991 cohort with average length of 13.8 mm in mid-August 1992 will at-
tain an average length of approximately 66 mm by fall of 2002.

The Asian clam C. fluminea has been abundant in the LOR since at
least 1957 (Sinclatir and Isom 1961). Considerable speculation was made
that C. fluminea would competitively displace native unionid and
sphaeriid bivalves (see McMahon (1983) and references within). Uni-
onids have maintained high density, diversity, and show occasionally
strong recruitment in the LOR despite at least 25 years of occurrence with
an abundant C. fluminea population. In the present study, unionid and C.
fluminea density were positively correlated in the bed downriver of Lock
and Dam 53 (Figure 10). Another exotic pest bivalve, the zebra mussel
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Dreissena polymorpha, has now become part of the bivalve fauna in the
LOR. In the present study, a single individual was found byssally at-
tached to piece of gravel in the bed downriver of Lock and Dam 53. A
second individual was found on a unionid during a qualitative search for
mussels. Because D. polymorpha, unlike C. flwninea, can byssally attach
to unionids in high density, there is potentially much more direct competi-
tion between the former species and the native mussels.

Catastrophic declines of unionids have been reported in Lake St. Clair
and Lake Erie because of intense fouling of live unionids by zebra mus-
sels (Mackie 1993). However, in these instances, unionids may have of-
fered the only suitable preferred surface for attachment relative to sand
and mud. Furthermore, D. polymorpha produces a true veliger larva via
external fertilization (Hopkins and Leach 1993). This mode of reproduc-
tion has allowed rapid colonization along the fringes of the Great Lakes.

Release of eggs and sperm to the water column by dioecious adults fol-
lowed by external development of fertilized eggs into planktonic veligers,
although typical among marine bivalves and retained by D. polymorpha, is
a mode of reproduction that has been suppressed in all bivalves that have
successfully evolved into rivers. Native unionids are mostly dioecious,
but only sperm are released to the water column. Females draw the sperm
into their mantle cavity, fertilization of eggs occurs, and embryos are
brooded in the gill until they are released as glochidea larvae that attach to
fish hosts. Metamorphosis occurs on the fish, and benthic juveniles de-
tach. Corbiculafluminea and native spheroids are both hermaphroditic
and brood embryos to a benthic stage (a much more advanced stage in
spheroids than C. fluminea). It is reasonable to question the ability of D.
polymorpha to achieve and sustain high density populations in lotic river-
ine habitats when one considers its potentially inappropriate mode of
reproduction.

Drought, natural patterns of recruitment, and species introductions are
natural factors that potentially affect native mussels in the LOR. Effects
of construction and operation of the Olmsted Lock and Dam project can
best be monitored by regularly monitoring density, diversity, and size de-
mography of dominant native mussel populations in the LOR.
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Table 1
Location and Number of Samples Collected Using Qualitative and
Quantitative Methods in the Lower Ohio River, August 1992

No. of No. Of
Distance Water Qualitative Quantitative

River Mile to Shore, ft Depth, ft Samples Samples Date Site No.

9S7.6 450 15 12 NC' 19 Aug 92 1

957.6 575 17 12 NC 19 Aug 92 1

957.7 400 15 NC 10 17 Aug 92 2

957.7 550 17 NC 10 19 Aug 92 2

957.8 700 18 12 NC 17 Aug 92 3

966.4 170 14 12 NC 18 Aug 92 4

967.4 240 14.5 NC 10 16 Aug 92 5

967.4 350 17.3 NC 10 16 Aug 92 5

967.4 750 18.5 NC 10 16 Aug 92 5

967.4 600 17 12 NC 16 Aug 92 5

967.5 750 17 12 NC 18 Aug 92 6

967.5 275 16 NC 10 15 Aug 92 6

967.5 350 18 NC 10 15 Aug 92 6

967.5 750 23 NC 10 15 Aug 92 6

967.6 900 17 NC 10 18Aug92 7

969.3 900 21 7 NC 18 Aug 92 8

1NC - none collected.



Table 2
Freshwater Mussels Collected Using Qualitative (Qual) and
Quantitative (Quant) Methods in the Lower Ohio River, August 1992

Upriver of Downrlver of

Lock and Dam 53 Lock and Dam 53

Species Qual Quant oual Quent

Actinonaias ogamenana (Lamarck, 1819) X X

Amblemap. plicata (Say, 1817) X X X X

Anodonata imbedilis (Say, 1829) X

Cydonaias tuberculata (Rafinesque, 1820) X X X

EIl•osaria lineolata (Rafinesque, 1820) X X X X

Ellipfit assidens (Lamarck, 1819) X X X X

Fusconaia ebena (I. Lea. 1831) X X X X

Lampsilis teres (Rafinesque, 1820) X

Lasmigonia c. complanata (Barnes, 1823) X X

Leptodea fragilis (Rafinesque, 1820) X X X X

Ligumia recta (Lamarck, 1819) X X

Megaonaias nervosa (Rafinesque, 1820) x x x x

Obliquaria reflexa (Rafinesque, 1820) X X X X

Obovaria ofivaria (Rafinesque, 1820) X X X X

Pleftobasis cyphyus (Rafinesque, 1820) X X

P/ethobasis cooper/anus (I. Lea, 1834) X

Pleurobema cordatum (Rafinesque, 1820) X X X X

Potamilus puipuratus (Lamarck, 1819) X

Potamilus alatus (Say, 1817) X X X

Ouadrula p wustulosa (I. Lea, 1831) X X X X

Quadrula quadrula (Rafinesque, 1820) X X X X

Quadrula metenera (Rafinesque, 1820) X X X X

Quadrula nodulata (Rafinesque, 1820) X X X X

(Continued)

Note: The following species have been collected downriver of Lock and Dam 53 during previous
study years: Arddens connragosus (Say, 1829). Fusoonaia flava (Rafinesque, 1820), I-ampsilis
ovata (Say, 1817), Potamilus ohiensis (Rafinesque, 1820).



Table 2 (Concluded)

Upriver of Downriver of
Lock and Dam 53 Lock and Damn 53

Species Quas Ouant oual Quant

Tritogonia verucosa (Rafinesque, 1820) X X X X

TruncsIia Uruncata (Rafinesque, 1820) X X X X

Truncilla donacformis (I. Lea, 1848) X X

Total species 22 19 18 21



Table 3
Percent Abundance and Percent Occurrence of Bivalves Collected
at RM 957.8 Upriver of Lock and Dam 53, Lower Ohio River, August
1992, Using Quantitative Methods

Spec"e Nemsom Fuhm Toa Nrwshom Farshme Total

F. ebena 31.82 14.14 2121 80.00 80.00 80.00

T. donacdmzis 7.58 2222 16.36 30.00 100.00 65.00

. p. pusiAm 9.09 13.13 11.52 40.00 80.00 60.00

T. t"cate 9.09 13.13 11.52 40.00 80.00 60.00

0. rebxa 10.61 10.10 10.30 30.00 50.00 40.00

E. Ialaa 10.61 5.05 7.27 60.00 30.00 45.00

0. quadru/a 3.03 8.08 6.06 20.00 50.00 35.00

L r*hgl 3.03 5.05 4.24 20.00 40.00 30.00

. meanewa 4.55 1.01 2.42 30.00 10.00 20.00

A p. pkata 3.03 1.01 1.82 10.00 10.00 10.00

Q. nodu/ata 1.52 2.02 1.82 10.00 20.00 15.00

M. nervosa 1.52 1.01 1.21 10.00 10.00 10.00

E. crass/dna 1.52 0.00 0.61 10.00 0.00 5.00

C. bbetrcuiat 0.00 1.01 0.61 0.00 10.00 5.00

O. ofvade 1.52 0.00 0.61 10.00 0.00 5.00

A imaIft 0.00 1.01 0.61 0.00 10.00 5.00

A V&mnw 0.00 1.01 0.81 0.00 10.00 5.00

T. vwrucosa 0.00 1.01 0.61 0.00 10.00 5.00

P. coidatum 1.52 0.00 0.61 10.00 0.00 500

Total ndividums 66 99 165

Total sites 10 10 20

Tota species 15 16 19

Specm dity 2.25 228 2.36

Evenness 0.83 0.82 0.80

Dominance 0.14 0.12 0.12



Table 4
Percent Abundance and Percent Occurrence of Bivalves Collected
at Nearshore Sites Downriver of Lock and Dam 53, Lower Ohio
River, August 1992, Using Quantitative Methods

Percent Abundanm Percent Occurrence

Species RM 74A - 967.5 Total RM 97IA RH 967.5 Total

F. abo 4.76 55.56 41.33 10.00 100.00 55.00

T. donadlomis 38.10 5.56 14.67 50.00 30.00 40.00

0. nwamnewa 0.00 18.52 13.33 0.00 70.00 35.00

0. refelxa 9.52 3.70 5.33 20.00 20.00 20.00

0. oavada 0.00 5.56 4.00 0.00 30.00 15.00

T. mncaft 9.52 1.85 4.00 20.00 10.00 15.00

0. p. pusedosa 4.76 3.70 4.00 10.00 20.00 15.00

E Hnealma 4.76 3.70 4.00 10.00 20.00 15.00

A p. p/cata 9.52 0.00 2.67 10.00 0.00 5.00

L recta 4.76 1.85 2.67 10.00 10.00 10.00

P. a/alus 9.52 0.00 2.67 20.00 0.00 10.00

L. ft 4.76 0.00 1.33 10.00 0.00 5.00

Total IndMduals 21 54 75

Total sl110 10 10 20

Total species 10 9 12

Species iversity 1.99 1.47 1.93

Evenness 0.86 0.67 0.78

Dominance 0.15 0.34 0.21



Table 5
Percent Abundance and Percent Occurrence of Bivalves Collected
at Midshore Sites Downriver of Lock and Dam 53, Lower Ohio
River, August 1992, Using Quantitative Methods

Peren Abuncdance PeCen Occurrnm

Spec" RM 967A RM 9067 Toa RW 067A4 RM 967.5 Tota

F. ebena 17.02 50.83 46.94 50.00 100.00 75.00

T. donaoimis 46.81 23.20 25.92 90.00 100.00 95.00

T. Wlnata 12.77 5.52 6.36 50.00 90.00 70.00

0. reexa 8.51 4.70 5.13 40.00 80.00 60.00

E. linsoal 4.26 3.59 3.67 20.00 90.00 55.00

0. p. pudsad 0.00 4.14 3.67 0.00 70.00 35.00

A p. *a8 6.38 2.21 2.69 20.00 60.00 40.00

. mseawa 0.00 1.38 1.22 0.00 40.00 20.00

Q.quadrua 2.13 0.83 0.98 10.00 30.00 20.00

O. olvwra 0.00 1.10 0.98 0.00 30.00 15.00

L fragys 2.13 0.83 0.98 10.00 30.00 20.00

C. ftgou/at 0.00 0.55 0.49 0.00 20.00 10.00

M. neosea 0.00 0.28 024 0.00 10.00 5.00

P. cyphym 0.00 0.28 0.24 0.00 10.00 5.00

L remt 0.00 0.28 024 0.00 10.00 5.00

0. nodulata 0.00 0.28 0.24 0.00 10.00 5.00

Total individuals 47 362 409

Total sIre 10 10 20

Tota species 8 16 16

Species diversity 1.60 1.60 1.65

Evennes 0.77 0.58 0.59

Dominance 0.26 0.32 0.30



Table 6
Percent Abundance and Percent Occurrence of Bivalves Collected at Farshore
Sites Downriver of Lock and Dam 53, Lower Ohio River, August 1992, Using
Quantitative Methods

Percent Abundance Percent Occurrence

Species RM 967A RM 967.5 RM 967.5 Total RM 967.4 RM 967.5 RM 967.6 Total

F. sbana 66.78 39.13 53.05 54.94 100.00 100.00 100.00 100.00

T. donacifomis 11.86 22.83 27.01 20.38 100.00 100.00 100.00 100.00

T. funcafa 5.76 5.98 5.14 5.57 80.00 70.00 80.00 76.67

0. reflexa 1.69 8.15 4.82 4.43 40.00 80.00 80.00 66.67

E linmeolata 5.42 5.98 1.29 3.92 80.00 60.00 40.00 60.00

0. p. pustu/os 1.36 924 2.89 3.80 40.00 60.00 40.00 46.67

0. quadrula 3.05 0.54 0.64 1.52 60.00 10.00 20.00 30.00

L fragi/ls 0.68 2.72 0.64 1.14 20.00 40.00 20.00 26.67

. metanevra 0.34 1.63 1.61 1.14 10.00 30.00 30.00 23.33

A p. pfcata 0.68 1.09 0.32 0.63 20.00 20.00 10.00 16.67

O. oivaria 0.34 0.00 0.96 0.51 10.00 0.00 30.00 13.33

C. tubercula 0.00 1.09 0.32 0.38 0.00 20.00 10.00 10.00

L. recta 0.68 0.00 0.00 025 20.00 0.00 0.00 6.67

M. nervosa 0.34 0.00 032 0.25 10.00 0.00 10.00 6.67

Q. nodulata 0.34 0.00 0.32 025 10.00 0.00 10.00 6.67

A Ligamenfina 0.00 1.09 0.00 025 0.00 20.00 0.00 6.67

E. crass/dens 0.00 0.00 0.32 0.13 0.00 0.00 10.00 3.33

D. po/ymorpha 0.34 0.00 0.00 0.13 10.00 0.00 0.00 3.33

T. vemcosa 0.34 0.00 0.00 0.13 10.00 0.00 0.00 3.33

P. alatus 0.00 0.00 0.32 0.13 0.00 0.00 10.00 3.33

P. cordatum 0.00 0.54 0.00 0.13 0.00 10.00 0.00 3.33

Total incividuals 295 184 311 790

Total sites 10 10 10 40

Total species 16 13 16 21

Species dive*ity 1.30 1.83 1.43 1.55

Evenness 0.47 0.72 0.52 0.51

Dominance 0.47 0.22 0.36 0.35



Table 7
Summary Statistics for Data on Unionidae and Corbicula fluminee
Collected in the Lower Ohio River, RM 967.4,967.5, and 967.6,
August 1992. Means with similar superscripts are not significantly
different (P :, 0.05) (Density = Individuals/sq m; Biomass = g/sq m)

P'aameter Nwsahore Midshore Farhore Pr 3 F

Unionid density 1 5 .0b 81.e 105.2 0.0001

Standard error 2.4 16.4 8.8

No. Unionid 2.4b 5.3 a 6 .1a 0.0001
species/quadrat

Unionid biomass 745.6 1,031 .A 1,459.7a 0.0771

Standard error 226.4 277.3 191.6

C. i/umniea 229.4b 466.6a 6W.88 0.0004
density

Standard error 46.1 41.2 882

C. fluminea 224.5b 506.1" 80.1a 0.0003
bionass

Standard error 47.1 35.0 132.6



Appendix A
Results of Qualitative Sampling
for Freshwater Mussels, Lower
Ohio River, 1992
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Table Al
Percent Abundance of Unlonids Collected Using Qualitative
Sampling Methods Upriver of Lock and Dam 53, Ohio River Mile
957.8, August 1992

Sped". 81181 She 2 81e3 TOmi

. p. pusa•ib 29.10 23.50 22.22 25.05

. quadkua 20.11 8.21 14.04 14.05

F ebena 7.94 23.08 8.77 13.51

E.&* oaw 8&47 14.87 8.19 10.63

O. ru=xa 10.58 4.10 8.19 7.57

A p. Pf*caw 4.23 4.10 8.19 5.41

0. metanewa 4.23 3.59 877 5.41

P. aaw" 3.17 2.05 8.19 4.32

L kraft 1.59 5.64 3.51 3.60

M. nen/a 1.59 1.54 3.51 2.16

T. vemosa 2.65 1.03 1.75 1.80

C. bkerculata 1.59 2.05 0.58 1.44

T. frncata 1.06 1.54 1.17 1.26

P. cordabum 1.06 1.54 0.58 1.08

E. cassdens 0.53 0.51 1.17 0.72

O. oNvarfa 1.06 1.03 0.00 0.72

P. qp.*w 0.00 1.03 0.00 0.36

"L conp*anat 0.00 0.00 0.58 0.18

"L terms 0.00 0.00 0.58 0.18

P. coopuranwa 0.00 0.51 0.00 0.18

P. pUPur•uAs 0.53 0.00 0.00 0.18

. noduata 0.53 0.00 0.00 0.18

Total Individuals 189 195 171 555

A2 Appendix A Results of Qualitative Sampling



Table A2
Percent Occurrence of Unionids Collected Using Qualitative
Sampling Methods Upriver of Lock and Dam 53, Ohio River Mile
957.8, August 1992

Species Site 1 Site 2 Site 3 Total

0. p. pustulosa 100.00 91.67 90.91 94.29

0. quadrula 91.67 75.00 90.91 85.71

F. ebena 66.67 83.33 63.64 71.43

E. lineolata 66.67 75.00 63.64 68.57

A p. plicata 58.33 58.33 63.64 60.00

0. reflexa 75.00 41.67 45.45 5429

0. metanewra 50.00 41.67 72.73 54.29

P. alatus 33.33 33.33 72.73 45.71

L. fragulis 25.00 58.33 18.18 34.29

M. nervosa 16.67 25.00 45.45 28.57

T. verrucosa 25.00 16.67 18.18 20.00

C. tuberculata 16.67 25.00 9.09 17.14

T. truncata 8.33 25.00 18.18 17.14

P. cordatum 16.67 16.67 9.09 14.29

0. olivaria 16.67 16.67 0.00 11.43

E. crass/dens 8.33 8.33 9.09 8.57

P. cyphyus 0.00 16.67 0.00 5.71

L. complanata 0.00 0.00 9.09 2.86

L teres 0.00 0.00 9.09 2.86

P. coopeianus 0.00 8.33 0.00 2.86

P. purpuratus 8.33 0.00 0.00 2.86

a. nodulata 8.33 0.00 0.00 2.86

Total samples 12 12 11 35
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Table A3
Percent Species Abundance of Unionids Collected at the Olmsted
Mussel Bed Using Qualitative Sampling Methods, Ohio River Miles
966.4-969.4, Downriver of Lock and Dam 53, August 1992

Location on Musml Bed

Specie. RU 966.4 RU 967A RM 967.5 RU 969.3 Total

F. ebena 43.00 67.50 36.56 12.63 45.36

E.fihuool 7.25 11.00 7.53 11.58 9.24

0. quadaul 10.14 4.50 9.68 15.79 9.08

0. p. pustulosa 1.45 9.00 17.20 16.84 8.91

C. *berWoNata 0.00 0.00 1.08 0.00 0.17

A p. P#Ca 12.56 0.00 8.60 5.26 6.55

M. nervosa 11.11 0.00 1.08 3.16 4.54

O. rea• 2.42 1.00 1.08 9.47 2.8M

L.fragiis 2.42 1.50 1.08 5.26 2.35

0. metanewa 0.00 3.00 7.53 6.32 3.19

P. Wea 4.83 0.00 2.15 1.05 2.18

T vrrucosa 2.42 0.00 0.00 1.05 1.01

Lu cte 0.48 0.50 1.08 3.16 1.01

L ventricosa 0.00 0.00 1.08 0.00 0.17

O. oivara 1.45 0.50 0.00 1.05 0.84

P. coadatum 0.00 0.50 2.15 4.21 1.18

Ea cassidens 0.00 0.50 2.11 2.11 0.50

L compbanata 0.48 0.00 0.00 0.00 0.17

0. nodu/laa 0.00 0.50 2.15 0.00 0.50
T. buncata 0.00 0.00 0.00 1.05 0.17

Total individuals 207 200 93 95 595

A4 Appendix A Results of Qualitative Sampling



Table A4
Percent Occurrence of Unionids Collected at the Olmsted Mussel
Bed Using Qualitative Sampling Methods, Ohio River Miles
966.4-969.4, Downriver of Lock and Dam 53, August 1992

Locution of Musmol ad

sped" RM 966.4 RM 967.4 RM 967.5 RM 969.3 Total

F. obena 100.00 100.00 100.00 85.71 97.37

0. quadcrua 91.67 50.00 57.14 85.71 71.05

E. ineo/ata 66.67 66.67 57.14 71.43 65.79

0. p. pustuloea 16.67 66.67 85.71 85.71 57.89

C. Wbercutata 0.00 0.00 14.29 0.00 2.63

A- p. p/k/ae 75.00 0.00 71.43 57.14 47.37

L fragils 33.33 25.00 14.29 57.14 31.58

M. nervowa 75.00 0.00 14.29 28.57 31.58

0. relexa 41.67 16.67 14.29 57.14 31.58

P. Mazs 66.67 0.00 28.57 1429 28.95

0. metanew a 0.00 41.67 71.43 57.14 36.84

T. verucosa 41.67 0.00 0.00 1429 15.79

L recta 8.33 8.33 1429 42.86 15.79

L venbfcosa 0.00 0.00 1429 0.00 2.63

P. cordabum 0.00 8.33 2657 57.14 18.42

O. olvare 16.67 8.33 0.00 1429 10.53

E. cassidens 0.00 8.33 0.00 28.57 7.89

L compnnatM 8.33 0.00 0.00 0.00 2.63

0. noduleta 0.00 8.33 20.57 0.00 7.89

T. hwn*to 0.00 0.00 0.00 1429 2.63

Total samples 12 12 15 7 46
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Appendix B
Length-Frequency Histograms for
Unionidae Collected in the Lower
Ohio River, 1992
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SHELLEN CUM CUM
FREQ FREQ PERCENT PERCENT

0 0 0 0.00 0.00
2 0 0 0.00 G.00
4 0 0 0.00 0.00
6 0 0 0.00 0.00
8 0 0 0.00 0.00

10 ** * * *************** 13 13 37.14 37.14
12 * ** * ** 7 20 20.00 57.14
14 ***** 4 24 11.43 68.57
16 ********* 3 27 8.57 77.14
18 ****** 2 29 5.71 82.86
20 *** 1 30 2.86 85.71
22 0 30 0.00 85.71
24 0 30 0.00 85.71
26 0 30 0.00 85.71
28 0 30 0.00 85.71
30 0 30 0.00 85.71
32 0 30 0.00 85.71
34 0 30 0.00 85.71
36 0 30 0.00 85.71
38 0 30 0.00 85.71
40 0 30 0.00 85.71
42 0 30 0.00 85.71
44 0 30 0.00 85.71
46 0 30 0.00 85.71
48 *** 1 31 2.86 88.57
50 0 31 0.00 88.57
52 0 31 0.00 88.57
54 0 31 0.00 88.57
56 0 31 0.00 88.57
58 0 31 0.00 88.57
60 0 31 0.00 88.57
62 *** 1 32 2.86 91.43
64 *** 1 33 2.86 94.29
66 0 33 0.00 94.29
68 *** 1 34 2.86 97.14
70 *** 1 35 2.86 100.00
72 0 35 0.00 100.00
74 0 35 0.00 100.00
76 0 35 0.00 100.00
78 0 35 0.00 100.00
80 0 35 0.00 100.00

-... + .... -+ .... -... -+- ... + .... -+ ... -
5 10 15 20 25 30 35

PERCENTAGE

Figure B1. Length-frequency histogram for Fusconaia ebena, lower Ohio River Mile
957.7, nearshore and farshore sites combined, August 1992

B2 Appendix B Length-Frequency Histograms for Unionidae



PERCENTAGE OF SHELLEN

SHELLEN CuM cUm
FREQ FREQ PERCENT PERCENT

0 0 0 0.00 0.00
2 0 0 0.00 0.00
4 0 0 0.00 0.00
6 0 0 0.00 0.00
8 0 0 0.00 0.00

10 0 0 0.00 0.00
12 ******* 2 2 7.41 7.41
14 • 6 8 22.22 29.63
16 * ** 4 12 14.81 44.44
18 ********************** 6 18 22.22 66.67
20 ****** *** 5 23 18.52 85.19
22 *********** 3 26 11.11 96.30
24 **** 1 27 3.70 100.00
26 0 27 0.00 100.00
28 0 27 0.00 100.00
30 0 27 0.00 100.00
32 0 27 0.00 100.00
34 0 27 0.00 100.00

- -- - -. + . +-- - -- - +--
5 10 15 20

PERCENTAGE

Figure B2. Length-frequency histogram for Truncilla donaciformis, lower Ohio River Mile
957.7, nearshore and farshore sites combined, August 1992
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----------------------- SITE-i SPECIES-FUSCONAIA EBENA -----------------------

PERCENTAGE OF SHELLEI.

SHELLEN CUm cUM
FREQ FREQ PERCENT PERCENT

6 0 0 0.00 0.00
8 *** 1 1 3.23 3.23

10 * 6 7 19.35 22.58
12 • 7 14 22.58 45.16
14 * 1 15 3.23 48.39
16 0 15 0.00 48.39
18 0 15 0.00 48.39
20 0 15 0.00 48.39
22 0 15 0.00 48.39
24 0 15 0.00 48.39
26 0 15 0.00 48.39
28 0 15 0.00 48.39
30 0 15 0.00 48.39
32 0 15 0.00 48.39
34 0 15 0.00 48.39
36 0 15 0.00 48.39
38 0 15 0.00 48.39
40 0 15 0.00 48.39
42 0 15 0.00 48.39
44 * 1 16 3.23 51.61
46 0 16 0.00 51.61
48 0 16 0.00 51.61
50 0 16 0.00 51.61
52 0 16 0.00 51.61
54 *** 1 17 3.23 54.84
56 *** 1 18 3.23 58.06
58 *** 1 19 3.23 61.29
60 *** 1 20 3.23 64.52
62 * * 3 23 9.68 74.19
64 *** 1 24 3.23 77.42
66 • 4 28 12.90 90.32
68 *** 1 29 3.23 93.55
70 0 29 0.00 93.55
72 0 29 0.00 93.55
74 *** 1 30 3.23 96.77
76 0 30 0.00 96.77
78 0 30 0.00 96.77
80 0 30 0.00 96.77
82 0 30 0.00 96.77
84 *** 1 31 3.23 100.00
86 0 31 0.00 100.00
88 0 31 0.00 100.00
90 0 31 0.00 100.00
92 0 31 0.00 100.00
94 0 31 0.00 100.00
96 0 31 0.00 100.00
98 0 31 0.00 100.00

100 0 31 0.00 100.00
--- .- -...- +- .--- +.-

5 10 15 20

PERCENTAGE

Figure B3. Length-frequency histogram for Fusconala ebena, lower Ohio River Mile 967,
nearshore site, August 1992 (includes RM 967.4, 967.5, and 967.6)
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PERCENTAGE OF SHELLEN

SHELLEN Cum cUM
FREQ FREQ PERCENT PERCENT

6 0 0 0.00 0.00
8 ***** 10 10 5.21 5.21

10 *** A.************ 56 66 29.17 34.38
12 ************ * 30 96 15.63 50.00
14 **** 32 128 16.67 66.67
16 ************ 23 151 11.98 78.65
18 ********* 17 168 8.85 87.50
20 ** 3 171 1.56 89.06
22 * 1 172 0.52 89.58
24 * 1 173 0.52 90.10
26 0 173 0.00 90.10
28 0 173 0.00 90.10
30 0 173 0.00 90.10
32 0 173 0.00 90.10
34 0 173 0.00 90.10
36 0 173 0.00 90.10
38 0 173 0.00 90.10
40 0 173 0.00 90.10
42 0 173 0.00 90.10
44 0 173 0.00 90.10
46 0 173 0.00 90.10
48 0 173 0.00 90.10
50 0 173 0.00 90.10
52 0 173 0.00 90.10
54 0 173 0.00 90.10
56 * 2 175 1.04 91.15
58 0 175 0.00 91.15
60 ** 3 178 1.56 92.71
62 ** 3 181 1.56 94.27
64 * 2 183 1.04 95.31
66 * 2 185 1.04 96.35
68 * 1 186 0.52 96.87
70 * 2 188 1.04 97.92
72 * 1 189 0.52 98.44
74 ** 3 192 1.56 100.00
76 0 192 0.00 100.00
78 0 192 0.00 100.00-- -- -- -.... + . ... +- ... + ...4.- -+- ... + ...

5 10 15 20 25

PERCENTAGE

Figure B4. Length-frequency histogram for Fusconaia ebena, lower Ohio River Mile 967,
midshore site, August 1992 (includes RM 967.4, 967.5, and 967.6)
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PERCENTAGE OF SHELLEN

SHELLEN CUM CUM
FREQ FREQ i :RCENT PERCENT

6 0 0 0.00 0.00
8 **** 19 19 4.39 4.39

10 ****** ** 85 104 19.63 24.02
12 * * * *************** 128 232 29.56 53.58
14 --- 65 297 15.01 68.59
16 .L***- 53 350 12.24 80.83
18 ****** 27 377 6.24 87.07
20 ** 10 387 2.31 89.38
22 * 3 390 0.69 90.07
24 2 392 0.46 90.53
26 1 393 0.23 90.76
28 2 395 0.46 91.22
30 0 395 0.00 91.22
32 1 396 0.23 91.45
34 0 396 0.00 91.45
36 0 396 0.00 91.45
38 0 396 0.00 91.45
40 1 397 0.23 91.69
42 0 397 0.00 91.69
44 0 397 0.00 91.69
46 0 397 0.00 91.69
48 0 397 0.00 91.69
50 0 397 0.00 91.69
52 1 398 0.23 91.92
54 2 400 0.46 92.38
56 1 401 0.23 92.61
58 0 401 0.00 92.61
60 1 402 0.23 92.84
62 * 6 408 1.39 94.23
64 * 6 414 1.39 95.61
66 2 416 0.46 96.07
68 * 6 422 1.39 97.46
70 * 5 427 1.15 98.61
72 2 429 0.46 99.08
74 1 430 0.23 99.31
76 0 430 0.00 99.31
78 0 430 0.00 99.31
80 0 430 0.00 99.31
82 2 432 0.46 99.77
84 1 433 0.23 100.00
86 0 433 0.00 100.00
88 0 433 0.00 100.00
90 0 433 0.00 100.00
92 0 433 0.00 100.00

. . .- . . . .-- - -- --. - --+ - - - - -
5 10 15 20 25 30

Figure B5. Length-frequency histogram for Fusconaia ebena, lower Ohio River Mile 967,
farshore site, August 1992 (includes RM 967.4, 967.5, and 967.6)
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- ------------------------- SPECIES-FUSCONAIA EBENA ---------------------------

PERCENTAGE OF SHELLEN

SHELLEN cum CuMFREQ FREQ PERCENT PERCENT

0 0 0 0.00 0.002 0 0 0.00 0.004 0 0 0.00 0.00
6 0 0 0.00 0.008 ***** 30 30 4.57 4.57

10 * 147 177 22.41 26.9812 ************************* 165 342 25.15 52.13
14 ***** ****** 98 440 14.94 67.07
16 • 76 516 11.59 78.66
18 ******* 44 560 6.71 85.37
20 ** 13 573 1.98 87.35
22 * 4 577 0.61 87.9624 3 580 0.46 88.4126 1 581 0.15 88.57
28 2 583 0.30 88.87
30 0 583 0.00 88.87
32 1 584 0.15 89.0234 0 584 0.00 89.02
36 0 584 0.00 89.02
38 0 584 0.00 89.0240 1 585 0.15 89.18
42 0 585 0.00 89.1844 1 586 0.15 89.33
46 0 586 0.00 89.3348 0 586 0.00 89.33
50 0 586 0.00 89.3352 1 587 0.15 89.48
54 3 590 0.46 89.9456 * 4 594 0.61 90.55
58 1 595 0.15 90.70
60 * 5 600 0.76 91.46
62 ** 12 612 1.83 93.2964 * 9 621 1.37 94.6666 * 8 629 1.22 95.8868 * 8 637 1.22 97.1070 * 7 644 1.07 98.17
72 3 647 0.46 98.6374 * 5 652 0.76 99.39
76 0 652 0.00 99.39
78 0 652 0.00 99.39
80 0 652 0.00 99.39
82 2 654 0.30 99.7084 2 656 0.30 100.00
86 0 656 0.00 100.00
88 0 656 0.00 100.0090 0 656 0.00 100.00

5 10 15 20 25

PERCENTAGE

Figure B6. Length-frequency histogram for Fusconaia ebena, lower Ohio River Mile 967,
nearshore, midshore, and farshore sites combined, August 1992 (includes
RM 967.4, 967.5, and 967.6)
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PERCENTAGE OF SHELLEN

SHELLEN Gum cUm
FREQ FREQ PERCENT PERCENT

10 0 0 0.00 0.00
12 0 0 0.00 0.00
14 ********* 1 1 9.09 9.09
16 ******** ******** 4 5 36.36 45.45
18 ****** 1 6 9.09 54.55
20 ******* *** ** 4 10 36.36 90.91
22 * 1 11 9.09 100.00
24 0 11 0.00 100.00
26 0 11 0.00 100.00
28 0 11 0.00 100.00
30 0 11 0.00 100.00

-. .. + --...- .... 4....... +..4 .. - ... -.. .-

5 10 15 20 25 30 35

PERCENTAGE

Figure B7. Length-frequency histogram for Truncilla donaciformis, lower Ohio River Mile
967, nearshore site, August 1992 (includes RM 967.4, 967.5, and 967.6)
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PERCENTAGE OF SHELLEN

SHELLEN cUM cUM
FREQ FREQ PERCENT PERCENT

6 0 0 0.00 0.00
8 0 0 0.00 0.00

10 * 1 1 0.94 0.94
12 ************ 13 14 12.26 13.21
14 ********** ************ 31 45 29.25 42.45
16 ********************* 22 67 20.75 63.21
18 ***************** 18 85 16.98 80.19
20 *************** 16 101 15.09 95.28
22 *** 3 104 2.83 98.11
24 * 1 105 0.94 99.06
26 * 1 106 0.94 100.00
28 0 106 0.00 100.00
30 0 106 0.00 100.00
32 0 106 0.00 100.00
34 0 106 0.00 100.00
36 0 106 0.00 100.00
38 0 106 0.00 100.00
40 0 106 0.00 100.00
42 0 106 0.00 100.00
44 0 106 0.00 100.00

----------------- - - --+ -. -+- .-. -
5 10 15 20 25

PERCENTAGE

Figure B8. Length-frequency histogram for Truncilla donaciformis, lower Ohio River Mile
967, midshore site, August 1992 (includes RM 967.4, 967.5, and 967.6)
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------------------- S7 -3 SPECIES-TRUNCILLA DONACIFORMIS -------------------

PERCENTAGE OF SHELLEN

SHELLEN cum CUM
FREQ FREQ PERCENT PERCENT

0 0 0 0.00 0.00
2 0 0 0.00 0.00
4 0 0 0.00 0.00
6 0 0 0.00 0.00
8 0 0 0.00 0.00

10 * 1 1 0.62 0.62
12 * 22 23 13.66 14.29
14 *.****************** 39 62 24.22 38.51
16 . **.****. 39 101 24.22 62.73
18 ************ 19 120 11.80 74.53
20 ************** 22 142 13.66 88.20
22 ****** 10 152 6.21 94.41
24 ** 3 155 1.86 96.27
26 0 155 0.00 96.27
28 0 155 0.00 96.27
30 0 155 0.00 96.27
32 0 155 0.00 96.27
34 0 155 0.00 96.27
36 0 155 0.00 96.27
38 0 155 0.00 96.27
40 0 155 0.00 96.27
42 0 155 0.00 96.27
44 **** 6 161 3.73 100.00
46 0 161 0.00 100.00

5 10 15 20

PERCENTAGE

Figure B9. Length-frequency histogram for Truncilla donaciformis, lower Ohio River Mile
967, farshore site, August 1992 (includes RM 967.4, 967.5, and 967.6)
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PERCENTAGE OF SHELLEN
SHELLEN CUM GUN

FREQ FREQ PERCENT PERCENT

0 0 0 0.00 0.00
2 0 0 0.00 0.004 0 0 0.00 0.00
6 0 0 0.00 0.00
8 0 0 0.00 0.00

10 * 2 2 0.72 0.72
12 ************* 35 37 12.59 13.31
14 ************************** 71 108 25.54 38.85
16 4**** • * ******** 65 173 23.38 62.23
18 ************** 38 211 13.67 75.90
20 A-• ; A• A 42 253 15.11 91.01
22 ***** 14 267 5.04 96.04
24 * 4 271 1.44 97.48
26 1 272 0.36 97.84
28 0 272 0.00 97.84
30 0 272 0.00 97.84
32 0 272 0.00 97.8434 0 272 0.00 97.84
36 0 272 0.00 97.84
38 0 272 0.00 97.84
40 0 272 0.00 97.84
42 0 272 0.00 97.8444 ** 6 278 2.16 100.00
46 0 278 0.00 100.00
48 0 278 0.00 100.00
50 0 278 0.00 100.00
52 0 278 0.00 100.00

5 10 15 20 25

PERCENTAGE

Figure B10. Length-frequency histogram for Truncilla donaciformis, lower Ohio River Mile
967, nearshore, midshore, and farshore sites combined, August 1992 (in-
cludes RM 967.4, 967.5, and 967.6)
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PERCENTAGE OF SHELLEN

SHELLEN Cum cum
FREQ FREQ PERCENT PERCENT14 0 0.00 0.0016 0 0 0.00 0.0018 0 0 0.00 0.0020 0 0 0.00 0.0022 0 0 0.00 0.0024 0 0 0.00 0.00

26 0 0 0.00 0.0028 ******** 2 2 4.08 4.0830 **-***- : *; 4 6 8.16 12.24
32 *****w . -A .....-..-.. A 7 13 14.29 26.5334 *******-: '. - .-,, .- .. L..-....A.. ;.. 9 22 18.37 44.9036 ********.,,***** 4 26 8.16 53.0638 **** 1 27 2.04 55.1040 ,******* 2 29 4.08 59.1842 0 29 0.00 59.1844 0 29 0.00 59.1846 0 29 0.00 59.1848 * ;* 2 31 4.08 63.27
50 so .. nA.**...* 3 34 6.12 69.39
52 **** 1 35 2.04 71.4354 0 35 0.00 71.43
56 **** 1 36 2.04 73.4758 **** 1 37 2.04 75.5160 * 3 40 6.12 81.63
62 **** 1 41 2.04 83.67
64 ,*** 1 42 2.04 85.7166 0 42 0.00 85.7168 ************ 3 45 6.12 91.8470 * 2 47 4.08 95.9272 *-****** 2 49 4.08 100.0074 0 49 0.00 100.00
76 0 49 0.00 100.0078 0 49 0.00 100.0080 0 49 0.00 100.00

2 6 8 10 12 14 16 18

PERCENTAGE

Figure B1l. Length-frequency histogram for Plipsaria lineolata, lower Ohio River Mile
967, nearshore, midshore. Lnd fa:,-hore sites combined, August 1992 (in-
cludes RM 967.4, 967.5, anc 967.6)
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PERCENTAGE OF SHELLEN

SHELLEN cum cum
FREQ FREQ PERCENT PERCENT

0 0 0 0.00 0.00
2 0 0 0.00 0.00
4 0 0 0.00 0.00
6 0 0 0.00 0.00
8 0 0 0.00 0.00

10 ** 1 1 1.67 1.67
12 ******** 5 6 8.33 10.00
14 ********** 6 12 10.00 20.00
16 ** 15 27 25.00 45.00
18 ****************** 11 38 18.33 63.33
20 ******* 4 42 6.67 70.00
22 ** 1 43 1.67 71.67
24 ********** 6 49 10.00 81.67
26 0 49 0.00 81.67
28 0 49 0.00 81.67
30 ** 1 50 1.67 83.33
32 ** 1 51 1.67 85.00
34 ** 1 52 1.67 86.67
36 0 52 0.00 86.67
38 ***** 3 55 5.00 91.67
40 ** 1 56 1.67 93.33
42 0 56 0.00 93.33
44 *** 2 58 3.33 96.67
46 ** 1 59 1.67 98.33
48 ** 1 60 1.67 100.00
50 0 60 0.00 100.00
52 0 60 0.00 100.00
54 0 60 0.00 100.00
56 0 60 0.00 100.00

- -- -. -- - -- -- - --
5 10 15 20 25

PERCENTAGE

Figure B12. Length-frequency histogram for Obliquaria reflexa, lower Ohio River Mile

967, nearshore, midshore, and farshore sites combined, August 1992 (in-

cludes RM 967.4, 967.5, and 967.6)
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PERCENTAGE OF SHELLEN

SHELLEN cUN cUm
FREQ FREQ PERCENT PERCENT

0 0 0 0.00 0.00
2 0 0 0.00 0.00
4 0 0 0.00 0.00
6 0 0 0.00 0.00
8 0 0 0.00 0.00

10 0 0 0.00 0.00
12 * 1 1 2.08 2.08
14 - 5 6 10.42 12.50
16 :::..::::::;: 7 13 14.58 27.08
18 ::- 8 21 16.67 43.75
20 **** 1 22 2.08 45.83
22 *** 1 23 2.08 47.92
24 **** 1 24 2.08 50.00
26 **** 1 25 2.08 52.08
28 - 3 28 6.25 58.33
30 **** 1 29 2.08 60.42
32 0 29 0.00 60.42
34 0 29 0.00 60.42
36 0 29 0.00 60.42
38 0 29 0.00 60.42
40 ******** 2 31 4.17 64.58
42 **** 1 32 2.08 66.6744 : 3 35 6.25 72.92•
46 A-J..L.W.A.. 3 38 6.25 79.17
48 *:***-" aJ.A:A-A: 4 42 8.33 87.50
50 **:***: AA :: .,,.. 6 48 12.50 100.00
52 0 48 0.00 100.0054 0 48 0.00 100.00
56 0 48 0.00 100.00
58 0 48 0.00 100.00
60 0 48 0.00 100.00

--- -+---4- --- +----+-- -+- - ------ +- ---
2 4 6 8 10 12 14 16

PERCENTAGE

Figure B13. Length-frequency histogram for Quadrula pustulosa, lower Ohio River Mile
967, nearshore, midshore, and farshore sites combined, August 1992 (in-
cludes RM 967.4, 967.5, and 967.6)
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PERCENTAGE OF SHELLEN

SHELLEN cUM cUM
FREQ FREQ PERCENT PERCENT

0 0 0 0.00 0.00
2 0 0 0.00 0.00
4 0 0 0.00 0.00
6 0 0 0.00 0.00
8 0 0 0.00 0.00

10 0 0 0.00 0.00
12 0 0 0.00 0.00
14 * 1 1 1.37 1.37
16 0 1 0.00 1.37
18 ******* 5 6 6.85 8.22
20 ***** 7 13 9.59 17.81
22 ********** 11 24 15.07 32.88
24 ******************************** 23 47 31.51 64.38
26 ************ 16 63 21.92 86.30
28 ***** 4 67 5.48 91.78
30 * 1 68 1.37 93.15
32 **** 3 71 4.11 97.26
34 * 1 72 1.37 98.63
36 * 1 73 1.37 100.00
38 0 73 0.00 100.00
40 0 73 0.00 100.00
42 0 73 0.00 100.00--- ---------- - -+- -. - -. - ---. - .-... -

5 10 15 20 25 30

PERCENTAGE

Figure B14. Length-frequency histogram for Truncilla truncata, lower Ohio River Mile 967,
nearshore, midshore, and farshore sites combined, August 1992 (includes
RM 967.4, 967.5, and 967.6)
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Appendix C
Length-Frequency Histograms for
Corbicula Fluminea, Lower Ohio
River, 1992
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PERCENTAGE OF SHELLEN
SHELLEN GUM CUM

FREQ FRE9 PERCENT PERCENT6.8 1 0.05 0.107.0 1 3 0.05 0.147.2 1 4 0.05 0.197.4 * 4 8 0.19 0.387.6 2 10 0.10 0.487.8 ** 10 20 0.48 0.958.0 ***** 22 42 1.05 2.008.2 ** * 38 80 1.81 3.818.4-. 58 138 2.77 6.588.6 *-- * * 66 204 3.15 9.738.8 **.dii.*** 78 282 3.72 13.459.0 ***iia •.... ;--- 120 402 5.72 19.179.2 i---------ll...... 111 513 5.29 24.469.4 *-U bi----- 139 652 6.63 31.099.6 ~------~137 789 6.53 37.639.8 142 931 6.77 44.4010.0 **t~~*~&..t----A..... 118 1049 5.63 50.0210.2 i •m*m ;iii- 97 1146 4.63 54.6510.4 -***•ii;***** 84 1230 4.01 58.6610.6 ******m***** 79 1309 3.77 62.4210.8 ;;; • 57 1366 2.72 65.14
11.0 ******** 37 1403 1.76 66.9111.2 ****** 27 1430 1.29 68.1911.4 ******-* 35 1465 1.67 69.8611.6 *** 13 1478 0.62 70.4811.8 * 4 1482 0.19 70.6712.0 * 5 1487 0.24 70.9112.2 * 5 1492 0.24 71.1512.4 * 4 1496 0.19 71.3412.6 1. 1497 0.05 71.3912.8 2 1499 0.10 71.4813.0 3 1502 0.14 71.6313.2 3 1505 0.14 71.7713.4 2 1507 0.10 71.8613.6 1 1508 0.05 71.9113.8 * 5 1513 0.24 72.1514.0 * 4 1517 0.19 72.3414.2 * 3 1520 0.14 72.4814.4 * 5 1525 0.24 72.7214.6 * 4 1529 0.19 72.9114.8 * 6 1535 0.29 73.20"5.0 * 5 1540 0.24 73.445.2 ** 10 1550 0.48 73.92.5.4 ** 8 1558 0.38 74.3015.6 * 18 1576 0.86 75.1515.8 ***** 23 1599 1.10 76.2516.0 ***** 20 1619 0.95 77.2116.2 ******* 29 1648 1.38 78.5916.4 ***** 20 1668 0.95 79.5416.6 ******** 34 1702 1.62 81.1616.8 ******* 30 1732 1.43 82.5917.0 *********** 45 1777 2.15 84.7417.2 ******** 32 1809 1.53 86.2717.4 * 36 1845 1.72 87.9817.6 ********* 36 1881 1.72 8c 7017.8 ***** 22 1903 1.05 9L 7518.0 ***** 22 1925 1.05 91.8018.2 ****** 25 1950 1.19 92.9918.4 **** 15 1965 0.72 93.71

Figure C1. Length-frequency histogram for Corbicula fluminea, nearshore site, lower Ohio
River Mile 957.7, 1992 (Continued)

C2 Appendix C Histograms for Corbicula Fluminea



18.6 *** 11 1976 0.52 94.23
18.8 * 6 1982 0.29 94.52
19.0 ** 10 1992 0.48 94.99
19.2 ** 9 2001 0.43 95.42
19.4 ** 9 2010 0.43 95.85
19.6 *** 11 2021 0.52 96.38
19.8 ** 7 2028 0.33 96.71
20.0 * 6 2034 0.29 97.00
20.2 * 4 2038 0.19 97.19
20.4 ** 7 2045 0.33 97.52
20.6 * 5 2050 0.24 97.76
20..8 * 6 2056 0.29 98.04
21.0 2 2058 0.10 98.14
21.2 * 4 2062 0.19 98.33
21.4 2 2064 0 10 98.43
21.6 * 3 2067 0.14 98.57
21.8 * 3 2070 0.14 98.71
22.0 2 2072 0.10 98.81
22.2 * 5 2077 0.24 99.05
22.4 2 2079 0.10 99.14
22.6 1 2080 0.05 99.19
22.8 1 2081 0.05 99.24
23.0 1 2082 0.05 99.28
23.2 0 2082 0.00 99.28
23.4 1 2083 0.05 99.33
23.6 0 2083 0.00 99.33
23.8 1 2084 0.05 99.38
24.0 2 2086 0.10 99.48
24.2 0 2086 0.00 99.48
24.4 0 2086 0.00 99.48
24.6 * 3 2089 0.14 99.62
24.8 1 2090 0.05 99.67
25.0 0 2090 0.00 99.67
25.2 2 2092 0.10 99.76
25.4 0 2092 0.00 99.76
25.6 0 2092 0.00 99.76
25.8 0 2092 0.00 99.76
26.0 0 2092 0.00 99.76
26.2 1 2093 0.05 99.81
26.4 0 2093 0.00 99.81
26.6 0 2093 0.00 99.81
26.8 1 2094 0.05 99.86
27.0 0 2094 0.00 99.86
27.2 0 2094 0.00 99.86
27.4 2 2096 0.10 99.95
27.6 0 2096 0.00 99.95
27.8 0 2096 0.00 99.95
28.0 0 2096 0.00 99.95
28.2 0 2096 0.00 99.95
28.4 0 2096 0.00 99.95
28.6 0 2096 0.00 99.95
28.8 0 2096 0.00 99.95
29.0 0 2096 0.00 99.95
29.2 0 2096 0.00 99.95
29.4 0 2096 0.00 99.95
29.6 0 2096 0.00 99.95
29.8 0 2096 0.00 99.95
30.0 1 2097 0.05 100.00
30.2 0 2097 0.00 100.00

--- +.-.. . .- . . + . .+ ..- . + .-
1 2 3 4 5 6

PERCENTAGE

Figure C1. (Concluded)
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PERCENTAGE OF SHELLEN

SHELLEN CUm cUM
FREQ FREQ PERCENT PERCENT

6.6 0 1 0.00 0.04
6.8 1 2 0.04 0.09
7.0 2 4 0.09 0.17
7.2 0 4 0.00 0.17
7.4 * 4 8 0.17 0.35
7.6 *** 13 21 0.56 0.91
7.8 ***** 22 43 0.95 1.86
8.0 ****** 37 80 1.60 3.46
8.2 :AA..LJ.J..... 66 146 2.85 6.31
8.4 *----- --- -91 237 3.93 10.24
8.6 k :L:•:****** 119 356 5.14 15.38
8.8 : 129 485 5.57 20.96
9.0 : 123 608 5.32 26.27
9.2 ************...A.....A.A 124 732 5.36 31.63
9.4 ..---------------- : 133 865 5.75 37.38
9.6 : 119 984 5.14 42.52
9.8 :::::::::::::::::::::: 104 1088 4.49 47.02

10.0 LAAAAJ...LL;aA. 74 1162 3.20 50.22
10.2 : 93 1255 4.02 54.24
10.4 LAA.A:A:.:A 68 1323 2.94 57.17
10.6 ********** 45 1368 1.94 59.12
10.8 ******** 36 1404 1.56 60.67
11.0 **** 19 1423 0.82 61.50
11.2 **** 19 1442 0.82 62.32
11.4 ** 9 1451 0.39 62.71
11.6 * 6 1457 0.26 62.96
11.8 * 4 1461 0.17 63.14
12.0 0 1461 0.00 63.14
12.2 0 1461 0.00 63.14
12.4 2 1463 0.09 63.22
12.6 2 1465 0.09 63.31
12.8 0 1465 0.00 63.31
13.0 2 1467 0.09 63.40
13.2 * 3 1470 0.13 63.53
13.4 2 1472 0.09 63.61
13.6 * 3 1475 0.13 63.74
13.8 * 4 1479 0.17 63.92
14.0 * 5 1484 0.22 64.13
14.2 ** 7 1491 0.30 64.43
14.4 * 6 1497 0.26 64.69
14.6 * 6 1503 0.26 64.95
14.8 *** 13 1516 0.56 65.51
15.0 ** 10 1526 0.43 65.95
15.2 *** 13 1539 0.56 66.51
15.4 **** 19 1558 0.82 67.33
15.6 *** 16 1574 0.69 68.02
15.8 ******* 32 1606 1.38 69.40
16.0 ******** 39 1645 1.69 71.09
16.2 ********* 41 1686 1.77 72.86
16.4 ** 58 1744 2.51 75.37
16.6 ************* 59 1803 2.55 77.92
16.8 *********** 51 1854 2.20 80.12
17.0 ********** 47 1901 2.03 82.15
17.2 ********** 47 1948 2.03 84.18
17.4 ********** 45 1993 1.94 86.13

Figure C2. Length-frequency histogram for Corbicula fluminea, farshore site, lower Ohio
River Mile 957.7, 1992 (Continued)
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17.6 ****** 30 2023 1.30 87.42
17.8 ******* 33 2056 1.43 88.85
18.0 ******* 34 2090 1.47 90.32
18.2 ***** 25 2115 1.08 91.40
18.4 **** 20 2135 0.86 92.26
18.6 **** 20 2155 0.86 93.13
18.8 *** 12 2167 0.52 93.65
19.0 *** 16 2183 0.69 94.34
19.2 *** 16 2199 0.69 95.03
19.4 * 6 2205 0.26 95.29
19.6 **** 17 2222 0.73 96.02
19.8 ** 10 2232 0.43 96.46
20.0 ** 11 2243 0.48 96.93
20.2 * 5 2248 0.22 97.15
20.4 ** 7 2255 0.30 97.45
20.6 ** 8 2263 0.35 97.80
20.8 * 5 2268 0.22 98.01
21.0 ** 7 2275 0.30 98.31
21.2 * 5 2280 0.22 98.53
21.4 * 3 2283 0.13 98.66
21.6 2 2285 0.09 98.75
21.8 4 2289 0.17 98.92
22.0 0 2289 0.00 98.92
22.2 1 2290 0.04 98.96
22.4 1 2291 0.04 99.01
22.6 3 2294 0.13 99.14
22.8 2 2296 0.09 99.22
23.0 1 2297 0.04 99.27
23.2 2 2299 0.09 99.35
23.4 1 2300 0.04 99.39
23.6 3 2303 0.13 99.52
23.8 0 2303 0.00 99.52
24.0 2 2305 0.09 99.61
24.2 0 2305 0.00 99.61
24.4 2 2307 0.09 99.70
24.6 0 2307 0.00 99.70
24.8 0 2307 0.00 99.70
25.0 1 2308 0.04 99.74
25.2 1 2309 0.04 99.78
25.4 0 2309 0.00 99.78
25.6 0 2309 0.00 99.78
25.8 2 2311 0.09 99.87
26.0 1 2312 0.04 99.91
26.2 1 2313 0.04 99.96
26.4 0 2313 0.00 99.96
26.6 0 2313 0.00 99.96
26.8 0 2313 0.00 99.96
27.0 0 2313 0.00 99.96
27.2 0 2313 0.00 99.96
27.4 0 2313 0.00 99.96
27.6 0 2313 0.00 99.96
27.8 1 2314 0.04 100.00
28.0 0 2314 0.00 100.00
28.2 0 2314 0.00 100.00
28.4 0 2314 0.00 100.00

- -- . +- .- . + .- - .... - -.4. ..----
1 2 3 4 5

PERCENTAGE

Figure C2. (Concluded)
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PERCENTAGE OF SHELLEN

SHELLEN CUm cUN
FREQ FREQ PERCENT PERCENT

6.0 0 0 0.00 0.00
6.2 0 0 0.00 0.00
6.4 0 0 0.00 0.00
6.6 0 0 0.00 0.00
6.8 1 1 0.10 0.10
7.0 0 1 0.00 0.10
7.2 0 1 0.00 0.107.4 * 2 3 0.19 0.29
7.6 **** 9 12 0.86 1.15
7.8 ****, 10 22 0.96 2.11
8.0 • 31 53 2.97 5.07
8.2 ********** 32 85 3.06 8.13
8.4 m: ....... 48 133 4.59 12.73
8.6 i*****:&....L.., 57 190 5.45 18.18
8.8 : 61 251 5.84 24.02
9.0 : 3 324 6.99 31.00
9.2 A.•. -...... 1 395 6.79 37.80
9.4 '****4;.--.' '.7 442 4.50 42.30
9.6 • 6? 505 6.03 48.33
9.8 : 6: 570 6.22 54.55

10.0 --------------- ' 6 633 6.03 60.57
10.2 .::: :::: 54 687 5.17 65.74
10.4 , 28 715 2.68 68.42
10.6 I*****A•;: 37 752 3.54 71.96
1 .8 i*************** 34 786 3.25 75.22
1_.0 ********* 19 805 1.82 77.03
11.2 *********** 22 827 2.11 79.14
11.4 ******** 16 843 1.53 80.67
11.6 ***- 9 852 0.86 81.53
11.8 ** 5 857 0.48 82.01
12.0 ** 4 861 0.38 82.39
12.2 1 862 0.10 8!.
12.4 0 862 0.00 82.49
12.6 1 863 0.10 82.58
12.8 1 864 0.10 82.68
13.0 1 865 0.10 82.78
13.2 1 866 0.10 82.87
13.4 0 866 0.00 82.87
13.6 0 866 0.00 82.87
13.8 * 2 868 0.19 83.06
14.0 * 2 870 0.19 83.25
14.2 * 2 872 0.19 83.44
14.4 0 872 0.00 83.44
14.6 ***** 11 883 1.05 84.50
14.8 * 6 889 0.57 85.07
15.0 *** 6 895 0.57 85.65
15.2 ****** 2 907 1.15 86.79
15.4 **** 8 915 0.77 87.56
15.6 ******* 14 929 1.34 88.90
15.8 ******** 16 945 1.53 90.43
16.0 ******* 14 959 1.34 91.77
16.2 ****** 12 971 1.15 q2.92
16.4 ********* 18 989 1.72 94.64
16.6 ***** 11 1000 1.05 95.69
16.8 **** 9 1009 0.86 96.56
17.0 *** 6 1015 0.57 97.13
17.2 ** 5 1020 0.48 97.61
17.4 * 3 1023 0.29 97.89
17.6 ** 5 1028 0.48 98.37
17.8 * 3 1031 0.29 98.66
18.0 1 1032 0.10 98.76

Figure C3. Length-frequency histogram for Corbicula fluminea, nearshore site, lower Ohio
River Mile 967.4, 1992 (Continued)
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18.2 * 2 1034 0.19 98.95
18.4 0 1034 0.00 98.95
18.6 1 1035 0.10 99.04
18.8 0 1035 0.00 99.04
19.0 1 1036 0.10 99.14
19.2 0 1036 0.00 99.14
19.4 0 1036 0.00 99.14
19.6 0 1036 0.00 99.14
19.8 1 1037 0.10 99.23
20.0 * 2 1039 0.19 99.43
20.2 * 2 1041 0.19 99.62
20.4 0 1041 0.00 99.62
20.6 1 1042 0.10 99.71
20.8 0 1042 0.00 99.71
21'0 1 1043 0.10 99.81
21.2 1 1044 0.10 99.90
21.4 0 1044 0.00 99.90
21.6 0 1044 0.00 99.90
21.8 0 1044 0.00 99.90
22.0 0 1044 0.00 99.90
22.2 0 1044 0.00 99.90
22.4 0 1044 0.00 99.90
22.6 0 1044 0.00 99.90
22.8 0 1044 0.00 99.90
23.0 0 1044 0.00 99.90
23.2 0 1044 0.00 99.90
23.4 0 1044 0.00 99.90
23.6 0 1044 0.00 99.90
23.8 0 1044 0.00 99.90
24.0 0 1044 0.00 99.90
24.2 0 1044 0.00 99.90
24.4 0 1044 0.00 99.90
24.6 0 1044 0.00 99.90
24.8 0 1044 0.00 99.90
25.0 0 1044 0.00 99.90
25.2 0 1044 0.00 99.90
25.4 0 1044 0.00 99.90
25.6 0 1044 0.00 99.90
25.8 0 1044 0.00 99.90
26.0 0 1044 0.00 99.90
26.2 0 1044 0.00 99.90
26.4 0 1044 0.00 99.90
26.6 0 1044 0.00 99.90
26.8 0 1044 0.00 99.90
27.0 0 1044 0.00 99.90
27.2 0 1044 0.00 99.90
27.4 0 1044 0.00 99.90
27.6 0 1044 0.00 99.90
27.8 0 1044 0.00 99.90
28.0 0 1044 0.00 99.90
28.2 0 1044 0.00 99.90
28.4 0 1044 0.00 99.90
28.6 0 1044 0.00 99.90
28.8 0 1044 0.00 99.90
29.0 0 1044 0.00 99.90
29.2 0 1044 0.00 99.90
29.4 0 1044 0.00 99.90
29.6 0 1044 0.00 99.90
29.8 0 1044 0.00 99.90
30.0 0 1044 0.00 99.90
30.2 1 1045 0.10 100.00
30.4 0 1045 0.00 100.00

. . +-. + . . +. . + . . +-- - . . +- . .- -
1 2 3 4 5 6 7

PERCENTAGE

Figure C3. (Concluded)
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MIDSHORE SITESHELLEN CUix CUix
FREQ FREQ PERCENT PERCENT

6.2 0 0 0.00 0.006.4 1 1 0.07 0.076.6 0 1 0.00 0.076.8 0 1 0.00 0.077.0 * 3 4 0.20 0.27
7.2 1 5 0.07 0.347.4 * 2 7 0.14 0.48
7.6 ** 5 12 0.34 0.82
7.8 * 14 26 0.95 1.778.0 ***** 16 42 1.09 2.868.2 *****"*-***** 40 82 2.72 5.578.4 k*****'******** 46 128 3.13 8.708.6 *****l •***k***** 61 189 4.15 12.858.8 ****•**k****** 65 254 4.42 17.279.0 • 77 331 5.23 22.50
9.2 k*****bji****::*************:: 91 422 6.19 28.69
9.4 h***** 85 507 5.78 34.47
9.6 fr*****kdi****:------------- : 84 591 5.71 40.189.8 a.*****i****i::*******:: 74 665 5.03 45.21

10.0 :******i: .. j.... 70 735 4.76 49.9710.2 k*****'ii********** 61 796 4.15 54.11
10.4 : 63 859 4.28 58.40
10.6 I************ 52 911 3.54 61.9310.8 ** *** 39 950 2.65 64.58
11.0 *-********, 35 985 2.38 66.9611.2 ******* 21 1006 1.43 68.3911.4 ****** 17 1023 1.16 69.5411.6 * 3 1026 0.20 69.7511.8 * 3 1029 0.20 69.9512.0 * 3 1032 0.20 70.1612.2 1 1033 0.07 70.2212.4 * 3 1036 0.20 70.4312.6 0 1036 0.00 70.4312.8 * 3 1039 0.20 70.6313.0 1 1040 0.07 70.7013.2 * 2 1042 0.14 70.8413.4 1 1043 0.07 70.9013.6 * 4 1047 0.27 71.1813.8 * 2 1049 0.14 71.3114.0 * 3 1052 0.20 71.5214.2 ** 7 1059 0.48 71.9914.4 "** 13 1072 0.88 72.88
14.6 ** 5 1077 0.34 73.2214.8 *** 8 1085 0.54 73.76
15.0 **** 13 1098 0.88 74.6415.2 ***** 15 1113 1.02 75.6615.4 ***** 16 1129 1.09 76.7515.6 ****** 18 1147 1.22 77.97

Figure C4. Length-frequency histogram for Corbicula fluminea, midshore site, lower Ohio
River Mile 967.4, 1992 (Continued)
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15.8 *********** 31 1178 2.11 80.08
16.0 ******* 20 1198 1.36 81.44
16.2 ********* 26 1224 1.77 83.21
16.4 ******* 21 1245 1.43 84.64
16.6 ******** 24 1269 1.63 86.27
16.8 ***** 16 1285 1.09 87.36
17.0 **** 11 1296 0.75 88.10
17.2 *** 8 1304 0.54 88.65
17.4 *** 9 1313 0.61 89.26
17.6 *** 9 1322 0.61 89.87
17.8 ** 5 1327 0.34 90.21
18.0 *** 8 1335 0.54 90.75
18.2 **** 11 1346 0.75 91.50
18.4 ** 5 1351 0.34 91.84
18.6 ***** 14 1365 0.95 92.79
18.8 ***** 15 1380 1.02 93.81
19.0 *** 10 1390 0.68 94.49
19.2 **** 11 1401 0.75 95.24
19.4 **** 13 1414 0.88 96.13
19.6 ** 7 1421 0.48 96.60
19.8 **** 12 1433 0.82 97.42
20.0 *** 9 1442 0.61 98.03
20.2 * 3 1445 0.20 98.23
20.4 * 3 1448 0.20 98.44
20.6 * 4 1452 0.27 98.71
20.8 1 1453 0.07 98.78
21.0 ** 5 1458 0.34 99.12
21.2 * 4 1462 0.27 99.39
21.4 * 2 1464 0.14 99.52
21.6 * 2 1466 0.14 99.66
21.8 0 1466 0.00 99.66
22.0 1 1467 0.07 99.73
22.2 2 1469 0.14 99.86
22.4 0 1469 0.00 99.86
22.6 0 1469 0.00 99.86
22.8 1 1470 0.07 99.93
23.0 0 1470 0.00 99.93
23.2 0 1470 0.00 99.93
23.4 0 1470 0.00 99.93
23.6 0 1470 0.00 99.93
23.8 0 1470 0.00 99.93
24.0 0 1470 0.00 99.93
24.2 0 1470 0.00 99.93
24.4 0 1470 0.00 99.93
24.6 0 1470 0.00 99.93
24.8 0 1470 0.00 99.93
25.0 1 1471 0.07 100.00

1 2 3 4 5 6

PERCENTAGE

Figure C4. (Concluded)

Appendix C Histograms for Corbicula Fiuminea C9



PERCENTAGE OF SHELLEN

SHELLEN Cumf CUM
FREQ FREQ PERCENT PERCENT

6.8 1 2 0.07 0.14
7.0 * 3 5 0.20 0.34
7.2 * 3 8 0.20 0.54
7.4 1 9 0.07 0.61
7.6 * 3 12 0.20 0.81
7.8 ** 5 17 0.34 1.15
8.0 ** 7 24 0.47 1.62
8.2 **** 11 35 0.74 2.36
8.4 ****** 18 53 1.22 3.58
8.6 ***** 15 68 1.01 4.59
8.8 **** 30 98 2.03 6.62
9.0 * 34 132 2.30 8.91
9.2 • 60 192 4.05 12.969.4 **•.A........**** 58 250 3.92 16.88
9.6 • 58 308 3.92 20.80
9.8 59 367 3.98 24.78

10.0 * 68 435 4.59 29.37
10.2 • 53 488 3.58 32.95
10.4 **** *****-* 62 550 4.19 37.14
10.6 AAJ...AA.... 45 595 3.04 40.18
10.8 • 48 643 3.24 43.42
11.0 .; 42 685 2.84 46.25
11.2 & 38 723 2.57 48.82
11.4 ****** 17 740 1.15 49.97
11.6 ***** 16 756 1.08 51.05
11.8 **** 12 768 0.81 51.86
12.0 ** 7 775 0.47 52.33
12.2 ** 5 780 0.34 52.67
12.4 * 2 782 0.14 52.80
12.6 1 783 0.07 52.87
12.8 * 2 785 0.14 53.00
13.0 0 785 0.00 53.00
13.2 0 785 0.00 53.00
13.4 * 2 787 0.14 53.14
13.6 0 787 0.00 53.14
13.8 1 788 0.07 53.21
14.0 * 3 791 0.20 53.41
14.2 ** 7 798 0.47 53.88
14.4 * 2 800 0.14 54.02
1A.6 ** 7 807 0.47 54.49
-4.8 ** 5 812 0.34 54.83
.5.0 ** 5 817 0.34 55.17
15.2 **** 12 829 0.81 55.98
15.4 **** 12 841 0.81 56.79
15.6 * 14 855 0.95 57.73
15.8 ******** 25 880 1.69 59.42
16.0 ********* 27 907 1.82 61.24
16.2 ******* 21 928 1.42 62.66
16.4 *********** 33 961 2.23 64.89
16.6 ********* 26 987 1.76 66.64
16.8 *** * 34 1021 2.30 68.94
17.0 **** 27 1048 1.82 70.76
17.2 * ** 31 1079 2.09 72.86
17.4 *********** 34 1113 2.30 75.15
17.6 ******* 21 1134 1.42 76.57
17.8 ******* 21 1155 1.42 77.99

Figure C5. Length-frequency histogram for Corbicula fluminea, farshore site, lower Ohio
River Mile 967.4, 1992 (quadrats 1-5 only) (Continued)
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18.0 *********** 33 1188 2.23 80.22
18.2 ****** 17 1205 1.15 81.36
18.4 ****** 22 1227 1.49 82.8518.6 ******* 21 1248 1.42 84.27
18.8 ***** 18 1266 1.22 85.48
19.0 ***** 16 1282 1.08 86.56
19.2 ********** 30 1312 2.03 88.59
19.4 ****** 19 1331 1.28 89.87
19.6 ********* 28 1359 1.89 91.76
19.8 ****** 17 1376 1.15 92.91
20.0 **** 12 1388 0.81 93.72
20.2 ***** 14 1402 0.95 94.67
20.4 ***** 15 1417 1.01 95.68
20.6 *** 9 1426 0.61 96.29
20.8 *** 10 1436 0.68 96.96
21.0 *** 10 1446 0.68 97.64
21.2 ** 7 1453 0.47 98.11
21.4 * 3 1456 0.20 98.31
21.6 *** 8 1464 0.54 98.85
21.8 ** 6 1470 0.41 99.26
22.0 * 3 1473 0.20 99.46
22.2 0 1473 0.00 99.46
22.4 0 1473 0.00 99.46
22.6 1 1474 0.07 99.53
22.8 0 1474 0.00 99.53
23.0 1 1475 0.07 99.5923.2 1 1476 0.07 99.66
23.4 0 1476 0.00 99.66
23.6 0 1476 0.00 99.66
23.8 0 1476 0.00 99.66
24.0 1 1477 0.07 99.73
24.2 0 1477 0.00 99.73
24.4 0 1477 0.00 99.73
24.6 0 1477 0.00 99.73
24.8 0 1477 0.00 99.73
25.0 0 1477 0.00 99.73
25.2 0 1477 0.00 99.73
25.4 0 1477 0.00 99.73
25.6 0 1477 0.00 99.73
25.8 0 1477 0.00 99.73
26.0 0 1477 0.00 99.73
26.2 0 1477 0.00 99.73
26.4 1 1478 0.07 99.80
26.6 0 1478 0.00 99.80
26.8 0 1478 0.00 99.80
27.0 0 1478 0.00 99.80
27.2 0 1478 0.00 99.80
27.4 0 1478 0.00 99.80
27.6 1 1479 0.07 99.86
27.8 0 1479 0.00 99.86
28.0 0 1479 0.00 99.86
28.2 1 1480 0.07 99.93
28.4 0 1480 0.00 99.93
28.6 1 1481 0.07 100.00
28.8 0 1481 0.00 100.00
29.0 0 1481 0.00 100.00

1 2 3 4

PERCENTAGE

Figure C5. (Concluded)
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PERCENTAGE OF SHELLEN

SHELLEN CUm cUm
FREQ FREQ PERCENT PERCENT

7.0 0 0 0.00 0.00
7.2 ** 1 1 0.98 0.98
7.4 0 1 0.00 0.987.6 0 1 0.00 0.987.8 ** 1 2 0.98 1.96
8.0 **** 2 4 1.96 3.92
8.2---------- * 6 10 5.88 9.80
8.4 A.•-A-".- - 8 18 7.84 17.658.6 ******** 4 22 3.92 21.57
8.8 0 22 0.00 21.579.0 0 22 0.00 21.57
9.2 ******** 4 26 3.92 25.499.4 *** ** * 10 36 9.80 35.299.6 ****** 3 39 2.94 38.24
9.8 ****** 3 42 2.94 41.1810.0 ** 1 43 0.98 42.16

10.2 **** 2 45 1.96 44.12
10.4 **** 2 47 1.96 46.0810.6 ******,**, 5 52 4.90 50.98
10.8 3 55 2.94 53.9211.0 6 61 5.88 59.8011.2 * 1 62 0.98 60.7811.4 ******** 4 66 3.92 64.7111.6 ******** 4 70 3.92 68.6311.8 **** 2 72 1.96 70.5912.0 0 72 0.00 70.5912.2 **** 2 74 1.96 72.5512.4 0 74 0.00 72.5512.6 0 74 0.00 72.5512.8 ** 1 75 0.98 73.53
13.0 **** 2 77 1.96 75.49
13.2 0 77 0.00 75.4913.4 ** 1 78 0.98 76.47
13.6 **** 2 80 1.96 78.4313.8 ** 1 81 0.98 79.4114.0 0 81 0.00 79.4114.2 ****** 3 84 2.94 82.3514.4 **** 2 86 1.96 84.31
14.6 ** 1 87 0.98 85.2914.8 ** 1 88 0.98 86.27
15.0 ** 1 89 0.98 87.25
15.2 ** 1 90 0.98 88.24
15.4 **** 2 92 1.96 90.20

Figure C6. Length-frequency histogram for Corbicula fluminea, nearshore site, lower Ohio
River Mile 967.5, 1992 (Continued)
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15.6 0 92 0.00 90.2015.8 ** 1 93 0.98 91.18
16.0 0 93 0.00 91.18
16.2 0 93 0.00 91.18
16.4 **** 2 95 1.96 93.14
16.6 0 95 0.00 93.14
16.8 0 95 0.00 93.1417.0 0 95 0.00 93.14
17.2 0 95 0.00 93.14
17.4 0 95 0.00 93.14
17.6 **** 2 97 1.96 95.10
17.8 ** 1 98 0.98 96.08
18.0 ** 1 99 0.98 97.06
18.2 0 99 0.00 97.06
18.4 0 99 0.00 97.06
18.6 0 99 0.00 97.06
18.8 0 99 0.00 97.06
19.0 0 99 0.00 97.06
19.2 0 99 0.00 97.06
19.4 0 99 0.00 97.06
19.6 0 99 0.00 97.06
19.8 **** 2 101 1.96 99.02
20.0 0 101 0.00 99.02
20.2 0 101 0.00 99.02
20.4 ** 1 102 0.98 100.0020.6 0 102 0.00 100.00
20.8 0 102 0.00 100.00

--.- -- -+-. - -+-----+-.
2 4 6 8 10

PERCENTAGE

Figure C6. (Concluded)
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PERCENTAGE OF SHELLEN
SHELLEN CUM cUM

FREQ FREQ PERCENT PERCENT

5.2 0- 0 0.00 0,005.4 0 0 0.00 0.005.6 1 1 0.12 0.125.8 0 1 0.00 0.126.0 0 1 0.00 0.126.2 0 1 0.00 0.126.4 0 1 0.00 0.126.6 0 1 0.00 0.126.8 * 1 2 0.12 0.237.0 * 3 5 0.35 0.587.2 * 1 6 0.12 0.707.4 * 1 7 0.12 0.817.6 ** 3 10 0.35 1.167.8 7 17 0.81 1:978.0 **** 7 24 0.81 2.788.2 ****** 10 34 1.16 3.948.4 ********** 18 52 2.09 6.038.6 * * * * 28 80 3.25 9.288.8 ****** 11 91 1.28 10.569.0 * 20 111 2.32 12.889.2 A . . 33 144 3.83 16.719.4 • 31 175 3.60 20.309.6 ******** -*..-.,., 38 213 4.41 24.719.8 ****** ***** 30 243 3.48 28.19
10.0 2 27 270 3.13 31.3210.2 ************* * 45 315 5.22 36.5410.4 A• ** 37 352 4.29 40.8410.6 * - . 36 388 4.18 45.0110.8 ******************* 33 421 3.83 48.8411.0 *---. 23 444 2.67 51.5111.2 •.L-, 27 471 3.13 54.6411.4 *******.-** 19 490 2.20 56.8411.6 ****** 10 500 1.16 58.0011.8 ** 3 503 0.35 58.3512.0 ** 3 506 0.35 58.7012.2 ** 3 509 0.35 59.0512.4 * 1 510 0.12 59.1612.6 * 1 511 0.12 59.2812.8 **3 514 0.35 59.6313.j 0 514 0.00 59.6313.2 0 514 0.00 59.6313.4 * 2 516 0.23 59.8613.6 0 516 0.00 59.8613.8 ** 3 519 0.35 60.2114.0 0 519 0.00 60.2114.2 * 2 521 0.23 60.4414.4 ** 4 525 0.46 60.9014.6 ** 3 528 0.35 61.2514.8 ** 3 531 0.35 61.6015.0 *** 5 536 0.58 62.1815.2 *** 5 541 0.58 62.7615.4 8 549 0.93 63.6915.6 ***** 8 557 0.93 64.6215.8 ********* 16 573 1.86 66.4716.0 ********* 15 588 1.74 68.2116.2 ************ 20 608 2.32 70.5316.4 ********* 17 625 1.97 72.5116.6 ******** 14 639 1.62 74.1316.8 ******•*, 15 654 1.74 75.8717.0 ******* 12 666 1.39 77.2617.2 *******w** 17 683 1.97 79.2317.4 ********A 16 699 1.86 81.09

Figure C7. Length-frequency histogram for Corbicula fluminea, midshore site, lower Ohio
R!ver Mile 967.5, 1992 (Continued)
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17.6 ****** 11 710 1.28 82.3717.8 j.,**,** 14 724 1.62 83.9918.0 I**** 10 734 1.16 85.1518.2 5 739 0.58 85.7318.4 ******** 13 752 1.51 87.2418.6 ******* 12 764 1.39 88.63
18.8 ***** 8 772 0.93 89.5619.0 ,** 5 777 0.58 90.1419.2 ** 3 780 0.35 90.4919.4 ** 3 783 0.35 90.8419.6 ******* 12 795 1.39 92.2319.8 ****** 11 806 1.28 93.5020.0 * 11 817 1.28 94.7820.2 ***** 8 825 0.93 95.7120.4 *** 6 831 0.70 96.4020.6 *** 6 837 0.70 97.1020.8 * 1 838 0.12 97.2221.0 0 838 0.00 97.2221.2 **** 7 845 0.81 98.0321.4 ** 3 848 0.35 98.3821.6 * 6 854 0.70 99.0721.8 * 1 855 0.12 99.19
22.0 * 1 856 0.12 99.3022.2 * 2 858 0.23 99.5422.4 0 858 0.00 99.5422.6 0 858 0.00 99.5422.8 0 858 0.00 99.5423.0 0 858 0.00 99.5423.2 1 859 0.12 99.6523.4 1 860 0.12 99.7723.6 0 860 0.00 99.7723.8 0 860 0.00 99.7724.0 0 860 0.00 99.7724.2 0 860 0.00 99.7724.4 0 860 0.00 99.7724.6 0 860 0.00 99.7724.8 0 860 0.00 99.7725.0 0 860 0.00 99.7725.2 1 861 0.12 99.8825.4 0 861 0.00 99.8825.6 0 861 0.00 99.8825.8 0 861 0.00 99.8826.0 0 861 0.00 99.8826.2 0 861 0.00 99.8826.4 0 861 0.00 99.8826.6 0 861 0.00 99.8826.8 0 861 0.00 99.8827.0 0 861 0.00 99.8827.2 0 861 0.00 99.8827.4 0 861 0.00 99.8827.6 0 861 0.00 99.8827.8 0 861 0.00 99.8828.0 0 861 0.00 99.8828.2 0 861 0.00 99.8828.4 0 861 0.00 99.8828.6 0 861 0.00 99.8828.8 0 861 0.00 99.8829.0 1 862 0.12 100.0029.2 0 862 0.00 100.0029.4 0 862 0.00 100.0029.6 0 862 0.00 100.0029.8 0 862 0.00 100.0030.0 0 862 0.00 100.00-----------------. -+ ... - .... +-....+

1 2 3 4 5
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Figure C7. (Concluded)
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PERCENTAGE OF SHELLEN

SHELLEN cUm CUm
FREQ FREQ PERCENT PERCENT

6.4 0 3 0.00 0.22
6.6 1 4 0.07 0.29
6.8 1 5 0.07 0.36
7.0 0 5 0.00 0.36
7.2 * 2 7 0.14 0.507. * 2 9 0.14 0.65
7.6 ** 5 14 0.36 1.01
7.8 *** 8 22 0.58 1.58
8.0 **** 10 32 0.72 2.30
8.2 ***** 14 46 1.01 3.31
8.4 ***** 31 77 2.23 5.54
8.6 • 32 109 2.30 7.85
8.8 ********** 29 138 2.09 9.94
9.0 • 51 189 3.67 13.61
9.2 AAA ;•.AA. 45 234 3.24 16.85
9.4 • 63 297 4.54 21.38
9.6 • 63 360 4.54 25.92
9.8 : 58 418 4.18 30.0910.0 • 61 479 4.39 34.49

10.2 : 69 548 4.97 39.45
10.4 AAA;AA• ... 56 604 4.03 43.48
10.6 A .. 49 653 3.53 47.01
10.8 * 34 687 2.45 49.46
11.0 A . 34 721 2.45 51.91
11.2 ********* 29 750 2.09 54.00
11.4 ********* 26 776 1.87 55.87
11.6 * * 21 797 1.51 57.38
11.8 **** 10 807 0.72 58.10
12.0 ** 5 812 0.36 58.46
12.2 1 813 0.07 58.53
12.4 * 2 815 0.14 58.68
12.6 1 816 0.07 58.7!
12.8 * 2 818 0.14 58.89
13.0 * 2 820 0.14 59.04
13.2 1 821 0.07 59.11
13.4 0 821 0.00 59.11
13.6 1 822 0.07 59.1813.8 * 2 824 0.14 59.32
14.0 *** 8 832 0.58 59.90
14.2 ** 6 838 0.43 60.33
14.4 * 3 841 0.22 60.55
14.6 *** 8 849 0.58 61.12
14.8 **** 11 860 0.79 61.92
15.0 ******* 19 879 1.37 63.28
15.2 ******* 20 899 1.44 64.72
15.4 ****** 18 917 1.30 66.02
15.6 ************ 32 949 2.30 68.32
15.8 ************ 33 982 2.38 70.70
16.0 ********* 25 1007 1.80 72.50
16.2 ******* 20 1027 1.44 73.94
16.4 ********* 24 1051 1.73 75.67
16.6 ** * 28 1079 2.02 77.68
16.8 ******* 19 1098 1.37 79.05
17.0 **** 12 1;i*' 0.86 79.91

Figure C8. Length-frequency histogram for Corbicula fluminea, farshore site, lower Ohio
River Mile 967.5, 1992 (Continued)

C16 Appendix C Histograms for Cobicula Flummnea



17.2 ****** 18 1128 1.30 81.2117.4 ****** 16 1144 1.15 82.3617.6 ****** 16 1160 1.15 83.5117.8 ***** 15 1175 1.08 84.5918.0 ****** 16 1191 1.15 85.7518.2 ****** 16 1207 1.15 86.9018.4 ***** 15 1222 1.08 87.9818.6 ***** 15 1237 1.08 89.0618.8 ***** 15 1252 1.08 90.1419.0 ****** 16 1268 1.15 91.2919.2 ****** 17 1285 1.22 92.5119.4 ***** 15 1300 1.08 93.5919.6 **** 10 1310 0.72 94.3119.8 ***** 15 1325 1.08 95.3920.0 **** 11 1336 0.79 96.18
20.2 **** 12 1348 0.86 97.0520.4 *** 9 1357 0.65 97.7020.6 *** 7 1364 0.50 98.2020.8 ** 5 1369 0.36 98.5621.0 * 3 1372 0.22 98.7821.2 * 3 1375 0.22 98.9921.4 ** 5 1380 0.36 99.3521.6 * 4 1384 0.29 99.64
21.8 0 1384 0.00 99.6422.0 0 1384 0.00 99.6422.2 0 1384 0.00 99.6422.4 1 1385 0.07 99.7122.6 0 1385 0.00 99.7122.8 0 1385 0.00 99.7123.0 0 1385 0.00 99.7123.2 0 1385 0.00 99.7123.4 0 1385 0.00 99.7123.6 0 1385 0.00 99.7123.8 0 1385 0.00 99.7124.0 1 1386 0.07 99.7824.2 0 1386 0.00 99.7824.4 0 1386 0.00 99.7824.6 0 1386 0.00 99.7824.8 1 1387 0.07 99.8625.0 0 1387 0.00 99.8625.2 0 1387 0.00 99.8625.4 1 1388 0.07 99.9325.6 0 1388 0.00 99.9325.8 0 1388 0.00 99.9326.0 0 1388 0.00 99.9326.2 0 1388 0.00 99.9326.4 0 1388 0.00 99.9326.6 0 1388 0.00 99.9326.8 0 1388 0.00 99.9327.0 0 1388 0.00 99.9327.2 0 1388 0.00 99.9327.4 0 1388 0.00 99.9327.6 1 1389 0.07 100.0027.8 0 1389 0.00 100.00

1 2 3 4 5

PERCENTAGE

Figure C8. (Concluded)
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PERCENTAGE OF SHELLEN

SHELLEN CUM cUM
FREQ FR0 PERCENT PERCENT

6.4 0 0.00 0.00
6.6 0 0 0.00 0.00
6.8 0 0 0.00 0.00
7.0 ** 2 2 0.43 0.43
7.2 * 1 3 0.22 0.657.4 * 1 4 0.22 0.86
7.6 0 4 0.00 0.86
7.8 ** 2 6 0.43 1.29
8.0 *** 3 9 0.65 1.94
8.2 ***** 5 14 1.08 3.01
8.4 ********* 8 22 1.72 4.73
8.6 *******" 8 30 1.72 6.45
8.8 ****** 6 36 1.29 7.74
9.0 .* 14 50 3.01 10.75
9.2 * 18 68 3.87 14.62
9.4 . 18 86 3.87 18.49
9.6 ,,*,. .. &--" . , * * 26 112 5.59 24.09
9.8 ************* 12 124 2.58 26.67

10.0 . 26 150 5.59 32.26
10.2 * AA 20 170 4.30 36.56
10.4 .A,*J--,,."AA*,, ***,, ****** 29 199 6.24 42.80
10.6 ******** AA .-" ... A.LJ.A 30 229 6.45 49.25
10.8 * -" *AA ;,-' A-" 25 254 5.38 54.62
11.0 . -" • 20 274 4.30 58.92
11.2 A-" -"- -" -" 34 308 7.31 66.24
11.4 " 29 337 6.24 72.47
11.6 ***..-" .- 21 358 4.52 76.99
11.8 :::::::::::::::::::::::: 22 380 4.73 81.72
12.0 ************* 12 392 2.58 84.30
12.2 *** **•; 17 409 3.66 87.96
12.4 **-********** 12 421 2.58 90.54
12.6 ******** 7 428 1.51 92.04
12.8 ***** 5 433 1.08 93.12
13.0 ** 2 435 0.43 93.55
13.2 0 435 0.00 93.55
13.4 0 435 0.00 93.55
13.6 1 436 0.22 93.76
13.8 0 436 0.00 93.76
14.0 0 436 0.00 93.76
14.2 0 436 0.00 93.76
14.4 0 436 0.00 93.76
14.6 0 436 0.00 93.76
14.8 * 1 437 0.22 93.98
15.0 0 437 0.00 93.98
15.2 ** 2 439 0.43 94.41
15.4 ** 2 441 0.43 94.84
15.6 0 441 0.00 94.84
15.8 * 1 442 0.22 95.05
16.0 0 442 0.00 95.05
16.2 0 442 0.00 95.05
16.4 0 442 0.00 95.05
16.6 ** 2 444 0.43 95.48
16.8 * 1 445 0.22 95.70
17.0 0 445 0.00 95.70
17.2 ** 2 447 0.43 96.13
17.4 ** 2 449 0.43 96.56
17.6 0 449 0.00 96.56
17.8 0 449 0.00 96.56
18.0 0 449 0.00 96.56

Figure C9. Length-frequency histogram for Corbicula fluminea, farshore site, lower Ohio
River Mile 967.6, 1992 (Continued)
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18.2 * 1 450 0.22 96.77
18.4 * 1 451 0.22 96.99
18.6 * 1 452 0.22 97.20
18.8 * 1 453 0.22 97.42
19.0 * 1 454 0.22 97.63
19.2 0 454 0.00 97.63
19.4 1 455 0.22 97.85
19.6 1 456 0.22 98.06
19.8 0 456 0.00 98.06
20.0 0 456 0.00 98.06
20.2 0 456 0.00 98.06
20.4 ** 2 458 0.43 98.49
20.6 0 458 0.00 98.49
20.8 0 458 0.00 98.49
21.0 0 458 0.00 98.49
21.2 * 1 459 0.22 98.71
21.4 0 459 0.00 98.71
21.6 * 1 460 0.22 98.92
21.8 ** 2 462 0.43 99.35
22.0 0 462 0.00 99.35
22.2 0 462 0.00 99.35
22.4 1 463 0.22 99.57
22.6 0 463 0.00 99.57
22.8 0 463 0.00 99.57
23.0 0 463 0.00 99.57
23.2 0 463 0.00 99.57
23.4 0 463 0.00 99.57
23.6 0 463 0.00 99.57
23.8 0 463 0.00 99.57
24.0 0 463 0.00 99.57
24.2 0 463 0.00 99.57
24.4 0 463 0.00 99.57
24.6 0 463 0.00 99.57
24.8 0 463 0.00 99.57
25.0 0 463 0.00 99.57
25.2 0 463 0.00 99.57
25.4 0 463 0.00 99.57
25.6 0 463 0.00 99.57
25.8 0 463 0.00 99.57
26.0 0 463 0.00 99.57
26.2 0 463 0.00 99.57
26.4 0 463 0.00 99.57
26.6 0 463 0.00 99.57
26.8 0 463 0.00 99.57
27.0 1 464 0.22 99.78
27.2 0 464 0.00 99.7S
27.4 0 464 0.00 99.78
27.6 0 464 0.00 99.78
27.8 0 464 0.00 99.78
28.0 0 464 0.00 99.78
28.2 0 464 0.00 99.78
28.4 0 464 0.00 99.78
28.6 0 464 0.00 99.78
28.8 0 464 0.00 99.78
29.0 0 464 0.00 99.78
29.2 0 464 0.00 99.78
29.4 0 464 0.00 99.78
29.6 1 465 0.22 100.00
29.8 0 465 0.00 100.00
30.0 0 465 0.00 100.00S . . .+-. .- ... - ... + ... - ... ..... - +-

1 2 3 4 5 6 7

PERCENTAGE

Figure C9. (Concluded)

Appendix C Histograms for Corbicula Fluminea C19



Appendix D
Results of Water Velocity Studies
in the Lower Ohio River, 1992

Appendix D Results of Water Velocity Studies DI



Table D1
Summary Information for 1992 Velocity data, Lower Ohio River

Event Test River Contig Total Vessel Vessel Vessel

Date Num Num Mile Vessel Nam( LxW Barges Cond Dist Direct

16 Aug 92 Test 0 967.4 Ambient None None None None None

16 Aug 92 1 1 967.4 No Data 3x3 6 Loaded 1,500 Up

16Aug z. 2 2 967.4 Richard A. Baker 5x3 15 Loaded 1,500 Down

16Aug92 3 3 967.4 Jesse Brent 3x2 6 Loaded 1,500 Up

16 Aug 92 4 4 967.4 Lewis H. Meece 6x6-2 34 L/UL 1,500 ?

16 Aug 92 5 5 967.4 Joe McAJlister 5x3 15 Unloaded 1,500 Up

16 Aug 92 6 6 967.4 Larry Y. Strain 5x5 25 Loaded 1,500 Down

7 Aug 92 1 7 957.8 Enterprise Star 543 15 Unloaded 1,200 Up

17 Aug 92 2 8 957.8 Myrtle E. Griffin 2x2-1 3 Unloaded 1,200 Down

17 Aug 92 3 9 957.8 F. R. Bigelow 4<2 8 Loaded 1,200 Down

17 Aug 92 4 10 957.8 T. S. Kunsman 7x3 21 Loaded 1,200 Up

17 Aug 92 5 11 957.8 Miss Margret 4x3 12 Loaded 1,000 Down

17 Aug 92 6 12 957.8 Mid South Towing 4x3 12 Loaded 1,200 Up

Time From Start
Front End End Time
of Of Of TOW TOW Total to

Test Barge Barge Tug Front End Num Len pass
Num Start Passes Passes Passes Stop Passes Passes Barges (it) (Sec) Wt/sec mi/hr

1 133,610 134,322 134,519 134,537 135,000 433 550 3 555 117 4.74 3.24

2 135,740 140,230 140,403 140,433 141,000 291 384 5 925 93 9.95 6.78

3 143,410 143,744 143,845 143,857 144,500 215 276 3 555 61 9.10 6.21

4 144,500 145,103 145,406 145,4C8 150,500 364 547 6 1,110 183 6.07 4.14

5 153,400 153,813 154,044 154,103 154,700 254 405 5 925 151 6.13 4.18

6 161,610 162,120 162,338 162,408 163,000 311 449 5 925 138 6.70 4.57

7 94,400 95,438 95,615 95,628 100,400 639 736 5 925 97 9.54 6.50

8 112,610 112,845 112,927 112,934 113,500 156 198 3 555 42 13.21 9.01

9 1i5,520 115,818 115,912 115,926 120,500 119 173 4 740 54 13.70 9.35

10 132,700 133,057 133,503 133,528 134,200 484 7 1,235 246 5.26 3.59

11 132,700 133,539 133,712 133,723 134,200 613 4 740 93 7.96 15.43

12 134,000 134,310 134,455 134,512 40600 ý1ý. 296 4 740 105 7.05 4.81

(Cont inued)
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Table D1 (Concluded)

Sensor 940 Sensor 946

File Code Dist Depth Code Dist Depth

B3 700 18 B4 200 9

LOR2271 B3 700 18 B4 200 9

LOR2272 53 700 18 84 200 9

LOR2273 B3 700 18 B4 200 9

LOR2274 B3 700 18 B4 200 9

LOR2275 B3 700 18 B4 200 9

LOR2276 B3 700 18 B4 200 9

LOR2281 53 750 20 B4 130 5

LOR2282 B3 750 20 B4 130 5

LOR2283 83 750 20 54 130 5

LOR2284 53 750 20 84 130 5

LOR2284 B3 750 20 S4 130 5

LOR2285 B3 750 20 B4 130 5
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Table D2
File: 2271 LOR 16 August 1992

Combined

Nearshore Sensor 946 Before Test I Velocity Flow Direction

Mean -0.3585 1.4609 1.5074 219.8280
SD 0.0987 0.1650 0.1666 3.6843
Min -0.5740 1.0520 1.1050 207.5000
Max -0.0400 1.7860 1.8460 226.8000
Range 0.5340 0.7340 0.7410 19.3000
N - 200
Seconds: 1-200

Farshore Sensor 940

Mean 0.9476 0.6190 1.1338 184.9315
SD 0.0932 0.0855 0.1072 3.3969
Min 0.7300 0.4380 0.9110 177.2000
Max 1.2550 0.8830 1.4540 192.8000
Range 0.5250 0.4450 0.5430 15.6000
N = 200
Seconds: 1-200

Nearshore Sensor 946 During Test 1

Mean -0.3698 1.4424 1.4933 220.3701
SD 0.1211 0.1800 0.1851 4.3646
Min -0.6900 1.0650 1.1040 209.4000
Max -0.0730 1.8320 1.9420 233.8000
Range 0.6170 0.7670 0.8380 24.4000
N - 200
Seconds: 434-634

Far-bore Sensor 940

Mean 1.0377 0.6931 1.2497 185.5498
SD 0.1120 0.0882 0.1248 3.1590
Min 0.7200 0.5010 0.9580 178.7000
Max 1.2880 0.9160 1.4960 193.3000
Range 0.5680 0.4150 0.5380 14.6000
N = 200
Seconds: 434-634
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Table D3
File: 2272 LOR 16 August 1992

Y X

Combined
Nearshore Sensor 946 Before Test 2 Velocity Flow Direction

Mean -0.3899 1.4725 1.5254 220.5575
SD 0.0973 0.1809 0.1888 3.0837
Min -0.6440 1.1480 1.1760 213.8000
Max -0.1830 1.9120 1.9770 229.5000
Range 0.4610 0.7640 0.8010 15.7000
N = 200
Seconds: 1-200

Farshore Sensor 940

Mean 0.9907 0.6424 1.1832 184.8210
SD 0.1270 0.0918 0.1367 3.7042
Min 0.7070 0.4250 0.8520 174.9000
Max 1.2880 0.8700 1.4640 194.0000
Range 0.5810 0.4450 0.6120 19.1000
N =200
Seconds: 1-200

Nearshore Sensor 946 During Test 2

Mean -0.3642 1.4140 1.4634 220.0930
SD 0.1018 0.1775 0.1802 3.7707
Min -0.6770 1.0220 1.1200 209.3000
Max -0.0880 1.8980 1.9180 229.8000
Range 0.5890 0.8760 0.7980 20.5000
N =200
Seconds: 291-491

Farshore Sensor 940

Mean 0.9264 0.6053 1.1085 184.9313
SD 0.1180 0.0962 0.1378 3.4425
Min 0.6370 0.3580 0.7630 176.1000
Max 1.2610 0.8730 1.4990 193.9000
Range 0.6240 0.5150 0.7360 17.8000
N = 200
Seconds: 291491
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Table 04
File: 2273 LOR 16 August 1992

Y I Combined

Nearshare Sensor 946 Before Test 2 Velocity Flow Direction

Mean -0.3825 1.4387 1.4916 221.0355
SD 0.1091 0.1816 0.1900 3.6981
Min -0.7240 1.1090 1.1400 208.6000
Max -0.0530 1.8780 1.9310 232.5000
Range 0.6710 0,7690 0.7910 23.9000
N , 200
Seconds: 1-200

Farshore Sensor 940

Mean 0.9803 0.6329 1.1686 184.4920
SD 0.0986 0.0872 0.1147 3.2163
Min 0.7770 0,4600 0.9270 176.4000
Max 1.2280 0.8530 1.4100 1922000
Range 0.4510 0.3930 0.4830 15.8000
N -200
Seconds: 1-200

Nearshore Sensor 94a During Test 2

Mean -0.3523 1.5141 1.5570 219.0771
SD 0.1048 0.2610 0.2675 32729
Min -0.6570 0.9360 0.9700 211.4000
Max -0.1340 2.1310 2.1790 228.3000
Range 0.5230 1.1950 12090 16.9000
N 200
Seconds: 215-415

Farshore Sensor 940

Mean 1.0690 0.7104 1.2860 185.1900
SD 0.1063 0.1257 0.1437 3.6622
Min 0.8030 0.3520 0.9470 173.5000
Max 1.3160 1.0420 i.6790 1932000
Range 0.5130 0.6900 0.7320 19.7000
N - 200
Seconds: 215-415
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Table D5
File: 2274 LOR 16 August 1992

I I Combined
Neershore Sensor 946 Before Test 4 Velocity Flow Direction

Mean -0.3806 1.4007 1.4550 220.9545
SD 0.1057 0.2098 0.2120 4.0280
Mn -0.6840 1.0490 1.0710 206.6000
Max -0.0170 1.9710 2.0210 231.1000
Range 0.6670 0.9220 0.9500 24.5000
N a 200
Seconds: 1-200

Fershore Sensor 940

Mean 0.9925 0.6479 1.1879 184.9375
SD 0.1606 0.1137 0.1800 3.9546
Min 0.5910 0.3340 0.7050 173.9000
Max 1.4040 0.8780 1.6560 194.7000
Range 0.8130 0.5440 0.9510 20.8000
N =200
Seconds: 1-200

Nearshore Sensor 946 During Test 4

Mean -0.3959 1.5845 1.6356 219.6647
SD 0.0982 0.1959 0.2011 3.0596
Min -0.6170 1.0950 1.1220 212.5000
Max -0.1660 2.0240 2.0710 226.5000
Range 0.4510 0.9290 0.9490 14.0000
N -200
Seconds: 363-563

Farshore Sensor 940

Mean 1.0815 0.7210 1.3018 185.3896
SD 0.1142 0.1112 0.1417 32455
Min 0.8400 0.4180 0.9660 174.7000
Max 1.3570 1.0420 1.6610 193.7000
Range 0.5170 0.6240 1.2981 185.4146
N a 200
Seconds: 363-563
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Table D6
File: 2275 LOR 16 August 1992

I Combined

Neeshoee Sensor 946 Before Test 5 Velocity Flow Direction

Mean -0.3845 1.4782 1.5307 219.8245
SD 0.1136 0.1966 0.2028 3.8500
Min -0.7300 1.0750 1.1420 209.8000
Max -0.1190 1.9910 2.0960 230.7000
Range 0.6110 0.9160 0.9540 20.9000
N - 200
Seconds: 1-200

Farshore Sensor 940

Mean 0.9928 0.6563 1.1921 184.8935
SD 0.1322 0.1154 0.1614 3.4108
Min 0.7170 0.3920 0.8380 1762000
Max 1.3010 0.8630 1.5330 1932000
Range 0.5840 0.4710 0.6950 17.0000
N - 200
Seconds: 1-200

Nearshore Sensor 946 During Test 5

Mean -0.3940 1.3463 1.4040 221.6350
SD 0.0950 0.1974 0.1979 3.8266
Min -0.6700 0.9230 0.9530 212.5000
Max -0.1660 1.8670 1.8910 233.8000
Range 0.5040 0.9440 0.9380 21.3000
N - 200
Seconds: 253-453

Fershore Sensor 940

Mean 0.9828 0.6368 1.1731 184.6390
SD 0.1091 0.1011 0.1319 3.4721
Min 0.6990 0.3350 0.8960 173.6000
Max 1.2 0.8860 1.5180 193.7000
Range 0.5660 0.5510 1.2169 184.7476
N w200
Seconds: 253-453
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Table D7
File: 2276 LOR 16 August 1992

Combined

Neershoare Sensor 946 Before Test 6 Velocity Flow Direction

Mean -0.3901 14375 1.4932 220.5390
SD 0.1196 0.1625 0.1719 4.0234
Min -0.7570 1.0120 1.0460 208.8000
Max -0.0860 1.7660 1.9030 228.7000
Range 0.6710 0.7540 0.8570 19.9000
N = 200
Seconds: 1-200

Farshore Sensor 940

Mean 0.9820 0.6361 1.1720 184.7990
SD 0.1529 0.1029 0.1712 3.4077
Min 0.6140 0.4050 0.7630 176.8000
Max 1.2750 0.8830 1.4910 193.0000
Range 0.6610 0.4780 0.7280 16.2000
N =200
Seconds: 1-200

Nearshore Sensor 946 During Test 6

Mean -0.3432 1.3568 1.4030 219.3294
SD 0.1083 0.1854 0.1913 3.9948
Min -0.6510 0.9360 0.9870 208.4000
Max -0.0630 1.8110 1.8620 228.5000
Range 0.5880 0.8750 0.8750 20.1000
N = 200
Seconds: 311-511

Farshore Sensor 940

Mean 1.0092 0.6676 12121 1852622
SD 0.1173 0.0964 0.1352 3.3171
Min 0.7200 0.3950 0.8480 173.3000
Max 1.2610 0.8730 1.5100 194.7000
Range 0.5410 0.4780 0.6620 21.4000
N = 200
Seconds: 311-511
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Table D8
File: 2281 LOR 17 August 1992

Combined
Nearshore Sensor 946 Before Test 7 Velocity Flow Direction

Mean 0.5442 2.6451 2.7036 248.5075
SD 0.1443 0.2571 0.2649 2.7430
Mn 02190 2.0360 2.0820 240.3000
Max 0.9170 3.3410 3.4480 255.8000
Range 0.6980 1.3050 1.3660 15.5000
N = 200
Seconds: 1-200

During Test 7

Mean 0.5698 2.8563 2.9034 248.8562
SD 0.1606 0.3538 0.3721 2.7426
Mn 0.2520 2.1320 2.1990 240.4000
Max 1.1090 3.4210 3.5050 254.3000
Range 0.8570 12890 1.3060 13.9000
N = 200
Seconds: 639-839
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Table D9
File: 2282 LOR 17 August 1992

Combined
Nearshore Sensor 946 After Test 8 Velocity Flow Direction

Mean 0.4901 2.6840 2.7325 250.5500
SD 0.1452 0.2638 0.2614 3.1392
Min 0.1930 2.1050 2.1430 241.9000
Max 0.8370 3.2540 3.3010 257.1000
Range 0.6440 1.1490 1.1580 152000
N- 173
Seconds: 358-531

Fsrshore Sensor 940

Mean 0.9675 2.2539 2.4544 2592293
SD 0.1318 0.1783 0.2033 2.1048
Min 0.6310 1.7380 1.9390 252.0000
Max 1.2880 2.5650 2.8700 264.5000
Range 0.6570 0.8270 0.9310 12.5000
N = 173
Seconds: 358-531

Neershore Sensor 946 During Test 8

Mean 0.4635 2.5119 2.5569 250.5363
SD 0.1155 0.2024 0.2028 2.5740
Min 0.1660 1.8990 1.9530 243.6000
Max 0.7750 2.9950 3.0730 257.4000
Range 0.6090 1.0960 1.1200 13.8000
N = 200
Seconds: 157-357

Farshore Sensor 940

Mean 0.9798 2.2293 2.4367 258.7114
SD 0.1292 0.1907 0.2125 2.0963
Min 0.6280 1.8060 1.9430 253.7000
Max 1.2980 2.7230 2.9410 265.1000
Range 0.6700 0.9170 0.9980 11.4000
N = 200
Seconds: 157-357
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Table D1O
File: 2283 LOR 17 August 1992

V X

Combined
Nearshore Sensor 946 After Test 9 Velocity Flow Direction

Mean 0.5312 2.5144 2.5720 248.7975
SD 0.1089 0.2414 0.2436 2.3257
Min 02820 1.9720 2.0090 242.3000
Max 0.8070 3.1010 3.1910 254.8000
Range 0.5250 1.1290 1.1820 12.5000
N = 200
Seconds: 320-520

Farshore Sensor 940

Mean 1.0043 2.3181 2.5279 259.3299
SD 0.1289 0.1853 0.2076 2.0686
Min 0.6280 1.8490 1.9530 255.3000
Max 1.3070 2.6630 2.9400 264.5000
Range 0.6790 0.8140 0.9870 9.2000
N = 200
Seconds: 320-520

Nearshore Sensor 946 During Teat 9

Mean 0.4786 2.3465 2.3997 249.3403
SD 0.1583 0.3438 0.3460 3.8102
Min -0.0850 1,5010 1.6130 238.3000
Max 0.8500 3.0750 3.1530 263.1000

Range 0.9350 1.5740 1.5400 24.8000
N -200
Seconds: 119-319

Farshore Sensor 940

Mean 0.9995 2.2169 2.4337 2582254
SD 0.1329 0.2309 0.2487 22701
Min 0.5360 1.3510 1.4890 253.5000
Max 1.3100 2.7230 2.9260 264.0000
Range 0.7740 1.3720 1.4370 10.5000
N = 200
Seconds: 119-319
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Table DlI
File: 2284 LOR 17 August 1992

Combined
Neershore Sensor 946 Beore Test 10 Velocity Flow Direction

Mean 0.5548 2.4953 2.5593 247.3184
SD 0.1324 0.2341 0.2384 2.8195
Min 0.1640 1.9250 1.9530 240.7000
Max 0.8250 3.0610 3.1470 255.2000
Range 0.6610 1.1360 1.1940 14.5000
N =200
Seconds: 1-200

Forshore Sensor 940

Mean 1.0288 2.3351 2.5593 247.3184
SD 0.1105 0.1574 0.2384 2.8195
Min 0.6920 1.8220 1.9530 240.7000
Max 1.3210 2.6660 3.1470 255.2000
Range 0.6290 0.8440 1.1940 14.5000
N = 200
Seconds: 1-200

Nearshore Sensor 946 During Test 10

Mean 0.5735 2.6463 2.7111 247.4859
SD 0.1443 0.2691 0.2739 2.9024
Min 02190 2.0580 2.1130 238.9000
Max 0.9360 3.4060 3.5000 255.0000
Range 0.7170 1.3480 1.3870 16.1000
N = 276
Seconds: 238-514

Farshore Sensor 940

Mean 1.0567 2.4446 2.7111 247.4859
SD 0.1346 0.1971 0.2739 2.9024
Min 0.6490 1.9480 2.1130 238.9000
Max 1.3580 2.8680 1.5000 255.0000
Range 0.7090 0.9200 1.3870 16.1000
N = 276
Seconds: 238-514
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Table D12
File: 2284 LOR 17 / Jgust 1992

Y x

Combined
Nearshore Sensor 946 Before Test 11 Velocity Flow Direction

Mean 0.5.w8 2.4953 2.5593 247.3184
SD 0.1324 0.2341 0.2384 2.8195
Min 0.1640 1.9250 1.9530 240.7000
Max 0.8250 3.0610 3.1470 255.2000
Range 0.6610 1.1360 1.1940 14.5000
N = 200
Seconds: 1-200

Farshore Sensor 940

Mean 1.0288 2.3351 2.5593 247.3184
SD 0.1105 0.1574 0.2384 2.8195
Min 0.6920 1.8220 1.9530 240.7000
Max 1.3210 2.6660 3.1470 255.2
Range 0.6290 0.8440 1.1940 14.5000
N = 200
Seconds: 1-200

Nearshore Sensor 946 During Test 11

Mean 0.6109 2.5026 2.5797 245.8174
SD 0.1497 0.2321 0.2398 3.0869
Min 0.0400 1.8650 1.9430 238.8000
Max 0.9760 3.1000 3.1930 258.5000
Range 0.9360 1.2350 1.2500 19.7000
N = 20,
Seconaw: 515-715

Farshore Sensor 940

Mean 1.0826 2.3126 2.5797 245.8174
SD 0.1484 0.2340 0.2398 3.0869
Min 0.6970 1.8400 1.9430 238.8000
Max 1.4090 2.8550 3.1930 258.5000
Range 0.7120 1.0150 1.2500 19.7000
N = 200
Seconds: 515-715
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Table 013
File: 2285 LOR 17 August 1992

mI b Combined
Nearshore Sensor 946 Before Test 12 Velocity Flow Direction

Mean 0.5277 2.4312 2.4917 247.3342
SD 0.1632 0.2546 0.2685 3.1827
Min 0.2160 1.8060 1.8350 239.5000
Max 1.0220 3.0010 3.1380 253.8000
Range 0.8060 1.1950 1.1940 1.1940
N = 190
Seconds: 1-190

Farshore Sensor 940

Mean 1.0098 2.3714 2.5791 259.8095
SD 0.1175 0.1593 0.1764 1.9999
Min 0.7570 1.9980 2.1370 254.6000
Max 1.3410 2.9080 3.0790 265.4000
Range 0.5840 0.9100 0.9420 10.8000
N = 190
Seconds: 1-190

Nearshore Sensor 946 During Test 12

Mean 0.5429 2.7186 2.6355 259.3428
SD 0.1715 0.3710 0.2046 2.0578
Min 0.0000 1.8220 2.1200 253.7000
Max 0.9340 3.6240 3.1330 264.0000
Range 0.9340 1.8020 1.0130 10.3000
N =200
Seconds: 192-392

Farshore Sensor 940

Mean 1.0566 2.4126 2.6355 259.3428
SD 0.1208 0.1910 0.2046 2.0578
Min 0.7100 1.9520 2.1200 253.7000
Max 1.3870 2.8680 3.1330 264.0000
Range 0.6770 0.9160 1.0130 10.3000
N = 200
Seconds: 192-392
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Figure D1. Test 1, LOR Mile 967.4, 700 ft RDB, 16 August 1992
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Figure D2. Test 1, LOR Mile 967.4, 200 ft RDB, 16 August 1992
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Figure D3. Test 2, LOR Mile 967.4, 700 ft RDB, 16 August 1992
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Figure D4. Test 2, LOR Mile 967.4, 200 ft RDB, 16 August 1992
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Figure D5. Test 3, LOR Mile 967.4, 700 ft RDB, 16 August 1992
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Figure D6. Test 3, LOR Mile 967.4, 200 ft RDB, 16 August 1992
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Figure D7. Test 4, LOP Mile 967.4, 700 ft RDB, 16 August 1992
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Figure D8. Test 4, LOR Mile 967.4, 200 ft RDB, 16 August 1992
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Figure D9. Test 5, LOR Mile 967.4, 700 ft RDB, 16 August 1992
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Figure D10. Test 5, LOR Mile 967.4, 200 ft RDB, 16 August 1992
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Figure Di1. Test 6, LOR Mile 967.4, 700 ft RDB, 16 August 1992
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Figure D12. Test 6, LOR Mile 967.4, 200 ft RDB, 16 August 1992
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LOR Mie 967A, 130 ft RDB
16 August 1992 - Test 7
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Figure D13. Test 7, LOR Mile 967.4, 130 ft RDB, 16 August 1992

D28 Appeidix D Results of Water Velocity Studios



LOR Mile 967A, 750 ft RDB
16 August 1992 - Test 8

:. . . . . .a, • ";;

0 too 200 3$0 400 see 600

Combined Velocity
3-

>.

S....... I. 1.... nf,. t--.3D;

0 1t0 200 300 400 SO0 600

Time, See

Direction of Flow
360

240-

120

Wend•4 e. 1 DI

0 100 200 300 400 Soo 640
Time, Set

Figure D14. Test 8, LOR Mile 967.4, 750 ft RDB, 16 August 1992
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Figure D15. Test 8, LOR Mile 967.4, 130ft RDB, 16 August 1992
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LOR Mile 9674, 750 ft RDB
316 August 992. Test 9
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Figure D16. Test 9, LOR Mile 967.4, 750 ft RDB, 16 August 1992
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Figure D17. Test 9, LOR Mile 967.4, 130 ft RDB, 16 August 1992
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Figure D18. Test 10, LOR Mile 967.4, 130 ft RDB, 16 August 1992
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Figure D19. Test 10, LOR Mile 967.4, 750 ft RDO '6 August 1992
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LOR Mile 9%7.4, 130 ft RDB
4 16 August 1992 - Test 12
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Figure D20. Test 12, LOR Mile 967.4, 130 ft RDB, 16 August 1992
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LOR Mile 967.4, 750 ft RDB
16 August 1992 - Test 12
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Figure D21. Test 12, LOR Mile 967.4, 750 ft RDB, 16 August 1992
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Appendix E
Analysis of Habitat Conditions
for Freshwater Mussels at an
Area To Be Immediately Affected
by the Olmsted Lock and Dam
Project, October 1-3, 1991

Introduction

In 1987, Dr. James B. Sickel, Murray State University, found the endan-
gered fat pocket book mussel, Potamilus capax (Green, 1832), in the chan-
nel of the Ohio River between Cumberland Island Towhead and the
Kentucky shore. The U.S. Fish and Wildlife Service determined that sim-
ilar habitat could occur at and immediately downriver of the proposed
Olmsted Locks and Dam Project. They then requested that a qualitative
survey be undertaken to determine the presence and community composi-
tion of mussels in the project area. The U.S. Army Engineer District, Lou-
isville, requested that the U.S. Army Engineer Waterways Experiment
Station survey this area of the proposed Olmsted Locks and Dam Project
in October 1991 for freshwater mussels and P. capax.

Site and Methods

The area that will be impacted by construction and operation of the
project is located on the lower Ohio River between Illinois and Kentucky
(Ohio River Mile 964.4) (Figure El). At each of 18 sites within the proj-
ect area, a qualitative search was made to evaluate the presence, composi-
tion, and habitat conditions for existing mussels. Each qualitative search
consisted of having two or three divers completely work the area within
the range of a 100-ft-long "umbilicus" (compressed air and communica-
tions line) that attached each diver to the dive boat. Searches averaged
approximately 50 diving min per site. A total of 890 diving min were

Appendix E Analysis of Habitat Conditions El



WAUS

.% :,

Ao°

SCALE

1/4 1/4 1I2 W

Figure El.

spent at all 18 sites combined. This survey was completed on 1-3 October
1991.

Divers were instructed to feel the bottom for live mussels and place
each mussel into mesh bags. Bags were returned to the surface, identi-
fied, and their shell lengths were measured to the nearest 0.1 mm using
dial calipers. Using bottom to surface communications equipment, divers
described substrate conditions as they surveyed each site.

For comparative purposes, a single qualitative search was made at Ohio
River Mile 967, right descending bank, in a historically prominent and
dense bed of mussels. In addition, two sets of 10 quantitative substrate
samples were obtain:ed at sites closely adjacent to the qualitatively search
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area. The quantitative samples were sieved, and all live mussels were re-
moved. This technique enabled an accurate estimation of mussel density.

Results

A total of 36 mussels representing 12 species were obtained from quali-
tative searches of the 18 sites located throughout the proposed construc-
tion site (Tables El and E2). Total diving time expended was 890 min.
The average rate of return was only 2.4 mussels per diving hour. Few
mussels were large, old adults. Only 13 of the 36 individuals were greater
than 50 mm in length (Table E3). Two specimens of Lampsilis ovata, a
species morphologically very similar to Potamilus capax, were obtained
along the left descending bank (Kentucky side of river). These two indi-
viduals were young and small, measuring only 38.7 and 31.7 mm in shell
length. The low density and the predominance of small, young mussels in-
dicate that this location is not suitably stable to sustain mussel populations.

Substrate conditions indicate that the right descending bank (Illinois
side of river) appears to be too scoured for establishment of unionids
(Sites 1, 2, and 15-18, Table El). The left descending bank (Kentucky
side of river) is more depositional, with fine sand at most sites and silt or
mud on top of sand at some sites (Sites 3-14, Table El). Divers described
sand waves along the bottom on the left descending bank with 1- to 2-in.
crests spaced at approximately 12-in. intervals. The presence of these
sand waves, like the very low density and dominance of young, small mus-
sels, indicates lack of sufficient stability to sustain mussel populations.

In comparison, in a single hour, qualitative searching of the historically
prominent mussel bed at River Mile 967 yielded a total of 194 mussels
and 14 species (Table E4). The 80-fold lower rate of return of mussels
from qualitative searches at the site of the Olmsted Locks and Dam Proj-
ect site versus that at River Mile 967 indicates the comparatively low habi-
tat value for unionids at the proposed construction site. The mussel bed
sampled at River Mile 967 occurs among a stable shoal comprised of cob-
ble, shells, gravel, sand, and mud. The 20 quantitative samples taken at
this location provided a density estimate of 55 mussels per square meter.

Conclusions

The mussel fauna at the Olmsted Locks and Dam Project site is of very
low density and is dominated by young, small mussels. Substrate does not
appear to be sufficiently stable to support mussels. It is highly unlikely
that this area provides suitable habitat for the endangered species
Potamilus capax.
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Table El
Description of Diving Time, Mussel Catch, and Substrate
Characteristics at 18 Sites Located In the Proposed Area for the
New Olmsted Lock and Dam and Approach Channels, October 1991

DI" No. of No. of

ft MkMIutW M=s• Species Substrafe Condilons

1 60 1 1 Coarm sand over fie gravel and over hard day

2 60 5 2 Sad covered by woody dubns and firm pebbles; lots
of caddisles

3 45 1 1 Sand

4 60 2 2 Sand and hard day

5 75 0 0 SandW lth some si on lop

6 60 0 0 FRne and

7 45 0 0 Flne and

8 25 3 2 Sand wit somen ilt

9 50 2 2 Funes nd

10 A0 1 1 Fne sand

11 40 4 3 Sand wih a few rocks

12 40 3 3 Sand with•a 1- to 2-n. layer of floculent mud on top

13 50 6 4 Sand wlth a -to 2-n. layerof flocculent mud on top

14 50 2 2 Sand wilth a 1- to 2-4n. layer of silt on lop

15 50 1 1 Rocks on haro day; lots of rge woodydebrl

16 50 2 2 Coases and

17 50 2 2 Rnegrave with lots of caddisie

16 40 0 0 Fe gravel and shelldbds

lThfi is the cumulativ mnutin of all devs at a sit.
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Table E2
Relative Abundance of Unionid Species Among 36 Individuals
Collected from All 18 Sites in the Area of the Proposed Olmsted
Lock and Dam and Approach Channe's, October 1991

Species No. of Individuals

Quadrula nodulata 7

Truncilla donaciformis 5

Potamrlus alatus 5

Leptodea fragilis 5

Fusconaia ebena 3

Obliquaria reflexa 3

Anodanta imbecillis 2

Lampsilis ovata 2

Quadrula quadrula 1

Quadrula p. pustulosa 1

Ellipsaria lineolata 1

Amblema p. pkcata 1
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Table E3
Shell Length Records for Individual Mussels O' "alned from
Qualitative Searches of 18 Sites In the Olmsted L.ocks and Dam
Project Area, October 1991

speces SheU Langth (mm) of Each

Quadn.le nodu/aM 66.0, 67.7. 57.9, 47.2, 40.7. 36.6. 31.4

Tnmiraw dn'aa •omis 21.7.20.2, 19.5, 15.9, 14.4

Potmnuksaftas 76.1,68.1,56.9,59.4,41.5

Le was * 57.4, 44.1,39.5,39.3.31.2

Ftconaka ebena 686.5,63.4,69.4

Wi nuada relxa 30.0,28.1,29.4

Anodonta kiteas 41.9,28.6

Lampses ovals 38.2, 31.7

Quadnmla quadndi 63.9

Quadruapusftoaa 36.5

E5'saria&ineo1aM 52.1

Abl=a p. p*at 36.3
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Table E4
Relative Abundance of Species Among 194 Unionids Obtained in a
Qualitative Search of a Historically Prominent Mussel Bed at Ohio
River Mile 967, October 1991

Sped"e No. of Individuafs

Fusconaia ebena 124

Quadrula p. pus frosa 16

Quadnia metanewa 18

Obovarta o/ivara 8

El/isaia Mineo/ata 12

Ambiema p. picaft 5

Quadias quackuna 3

Pleurobema cordatum 2

Trundlla donaciorms I

Quadrula nodulata 1

Lugumia recta 1

PieUfobasus cyphyus 1

Thtogonia veirucsa 1
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Data will be used to analyze impacts of construction and operation of a new lock and dam at River Mile (RM) 964.4 on the
Ohio River.

Species diversity (2.36) and evenness (0.80) were higher upriver than downriver of Lock and Dam 53 (1.55 and 0.51 at
three farshore sites at RM 967). Based on quantitative samples taken upriver of the lock, five species individually comprised
more than 10 percent of the community. These species and their percent abundance were as follows: Fusconaia ebena (21
percent), Truncilla donaciformis (16 percent), Quadrulapurtulosa (12 percent), T. truncata (12 percent), and Obliquaria
reflexa (10 percent). Fusconaia ebena and M. nervosa comprised a greater fraction of the community downriver than upriver
of Lock and Dam 53. Quadru/a pusu/osa, Q. quadnda, Q. metanevra, and 0. reflexa had greater relative abundance upriver
than downriver of Lock and Dam 53. Density of native unionids (15.0 to 105.2 individuals/square meter) and Corbicula
jhwninea (229.4 to 653.8 individuals/square meter) varied significantly among nearshore, midshore, and farshore sites
downriver of Lock and Dam 53. Biomass density differences were not nearly as clear (i.e., they were significant at the 0.1

(Continued)
14. SUBJECT TERMS 15. NUMBER OF PAGES

Endangered species Ohio River 122
Environmental impacts Plethobasus cooperianus 16. PRICE CODE
Freshwater mussels Unionidae

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. UMITATION OF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED

NSNM74-O1-28O-5500 Standard Form 298 (Rev. 2-89)
Paabby ANSI Sd. Z39-18
296-102



121. (Conhhadds4

but not 0.05 level) nor as substantial. The endangered species Plethobasw cooperianus was obtained in qualitative
samples upriver of Lock and Dam 53 in 1992, but was not obtained in either quantitative samples (both beds) or
qualitative samples downriver of Lock and Dam 53. Overall, the size structure of the F. ebena population downriver
of Lock and Dam 53 indicated two major cohorts: very recent recruits (presumably 1991) centered at 8 to 20 nun in
length and a cohort of moderately large and old mussels centered at 60 to 70 mm in length.

Drought, natural patterns of recruitment, and species introductions are natural factors that potentially affect native
mussels in the lower Ohio River. Effects of construction and operation of the Olmsted Lock and Dam project can
best be monitored by regularly monitoring density, diversity, and size demography of dominant native mussel popu-
lations in the lower Ohio River.


